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ABSTRACT 

We use the ATLAS^^ sample of 260 early-type galaxies to study the apparent kinematic mis- 
alignment angle, ^I^, defined as the angle between the photometric and kinematic major axis. 
We find that 71% of nearby early-type galaxies are strictly aligned systems < 5°), an 
additional 14% have 5° < ^ < 10° and 90% of galaxies have < 15°. Taking into ac- 
count measurement uncertainties, 90% of galaxies can be considered aligned to better than 5°, 
suggesting that only a small fraction of early-type galaxies {^^ 10%) are not consistent with 
axisymmetry within the projected half-light radius. We identify morphological features such 
as bars and rings (30%), dust structures (16%), blue nuclear colours (6%) and evidence of in- 
teractions (8%) visible on ATLAS''^ galaxies. We use kinemetry to analyse the mean velocity 
maps and separate galaxies in two broad types of regular and non-regular rotators. We find 
82% of regular rotators and 17% non-regular rotators, with 2 galaxies that we were not able to 
classify due to data quality. The non-regular rotators are typically found in dense regions and 
are massive. We characterise the specific features in the mean velocity and velocity dispersion 
maps. The majority of galaxies does not have any specific features, but we highlight here the 
frequency of the kinematically distinct cores (7% of galaxies) and the aligned double peaks in 
the velocity dispersion maps (4% of galaxies). We separate galaxies into 5 kinematic groups 
based on the kinemetiic features, which are then used to interpret the (5" — e) diagram. Most 
of the galaxies that are misaligned have complex kinematics and are non-regular rotators. In 
addition, some show evidence of interaction and might not be in equillibrium, while some 
are barred. While the trends are weak, there is a tendency that large values of ^' are found in 
galaxies at intermediate environmental densities and among the most massive galaxies in the 
sample. Taking into account the kinematic alignment and the kinemetric analysis, the majority 
of early-type galaxies have velocity maps more similar to the spiral disks than to the remnants 
of equal mass mergers. We suggest that the most common formation mechanism for early-type 
galaxies preserves the axisymmetry of the disk progenitors and their general kinematic prop- 
erties. Less commonly, the formation process results in a triaxial galaxy with much lower net 
angular momentum. 

Key words: galaxies: kinematics and dynamics - galaxies: elliptical and lenticular - galaxies: 
formation 



1 INTRODUCTION 

Tiie internal dynamics of early-type galaxies holds important clues 
about their formation. Looking at their morphological structure 
alone, early-type galaxies appear to be simple and uniform, but 
increasingly better observational technology and methods have 
revealed much more complex systems rich in internal dynam- 
ics and substructures. Crucial fo r this were the k inematic ob- 
serva t ions of early-type galaxies I lUingworth 1977 ; Davies et aL 
19831 ; iDavies & IllingwortlJ[T983l; lBendej|l988bl ; ISender & Nieto 



1989; Jedrzeiewski & Schechted Il989l ; iBender & Nietol Il990l; 
Bender et al. 1994ir Over the decade preceding the late- 1990s, a 



199(3) and t wo significant discoveries that some el l iptical s ro- 
tate slowly l lBertola & Capacciolil 1 19751 ; llUingworthl [l977h and 
that there are objects with significan t rotati o n around the ma- 
jor axis jPavies & Birkinshawi 1 19861, 1 19881 ; iFranx et al.l 1 19891 ; 



Ijedrzeiewski & Schechted 19891) . This showed that among early- 
type galaxies there are systems with triaxial figures, p erhaps even 
slowly tumbling ( van Albada et al. 1982; Schwarzschi ldll982h . and 
their internal structure is not determined by t heir total mass and 
angul ar momentum alone (see the review by Ide Zeeuw & Franxl 

[ml). 

Although discoveries of galaxies with rotation around the long 
axis were very exciting, the majority of galaxies seemed to show 



Efstathiou et alj 198ol; Davies et al J 19831; 


Dressier & Sandage 


19831: Davies & Birkinshaw 19881 iBended 


1988al; Franx et al 
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picture emerged of elliptical galaxies exhibiting a range of proper- 
ties with luminous objects having slow rotation, anisotropic veloc- 
ity distributions, boxy isophotes and cores, taken to be indicative 
of triaxial figures, and less luminous galaxies having shapes flat- 
tened by rotation, isotropic velocity distributions, disky isophotes 
and cusp y cores, taken to be indicativ e of oblate figures (for a syn- 
thesis see iKormendv & Bendej [T99^. 

The most straightforward evidence for triaxiality is the obser- 
vation of a misalignment between the galaxy's angular momentum 
vector and the minor axis. In axisymmetric galaxies these two axes 
are aligned. Stationary triaxial shapes support four major types of 
regular stellar orbits: box orbits, short axis tubes, inner and outer 
long-axis tubes (d e Zeeuw, 1985). Given that among the tubes it is 
also possible to have both prograde and retrograde orbits, the com- 
bination of these major families will result in the total angular mo- 
mentum vector pointing anywhere in the pla ne containi ng both the 
long and the short axis of the system (e.g. Statler 1987). Further- 
more, it is also possible to have a radial variation of the relative 
weights assigned to different orbital families which will give rise to 
radially different kinematic structure and co ntribute to the radial 
variat ion of the observed misalignment (see Ivan den Bosch et ^ 
l2008l. for a detailed orbital analysis of a triaxial system). 

In addition to the orbital origin of the misalignment between 
the shape of the system and its internal kinematics, it is also possible 
to observe a misalignment from pure projection effects, given that 
the orientation of a triaxial galaxy towards an observer is random. 
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Hence, the angle at which the apparent minor axis of the observed 
(projected on the sky) galaxy is seen will be differe nt from the angle 
of the projected short axis of the g alaxy jContop oulos 1956; StarJ 
ll97llKondratev & Ozemoilll97a) . When this is combined with a 
projection of the angular momentum vector, which depends on the 
specific orbital structure, we expect that the misalignment between 
the angular momentum vector and the principle axis will be ob- 
served regularly. This was beautifully illustrated by Statler (1991) 
with the montage of velocity maps of a triaxial model viewed at 
different projection angles. 

The combination of the apparent orientation of the total angu- 
lar momentum, and the apparent shape of the system, can be used to 
statistically constrain the intrinsic shape of early-type galaxies as a 
family of obj ects, including the case when figure rotation is present 
teinneviri985D . The first analysis of the apparent misalignment an- 
gle, defined as tan* = Vmin/vmaj, where Vmin and Vmaj are 
ve locity amplitudes a long the minor and major axis, was presented 
bv lFranx et al. II 19911). They compiled from the existing literature 
all galaxies for which it was possible to estimate reasonably well 
and obtain their ellipticities. This compilation confirmed that a ma- 
jority of early-type galaxies indeed had small misalignments, with 
a few cases showing long-axis rotation (rotation around the major 
(long) axis). In terms of intrinsic shape of early-type galaxies, their 
results showed a wide range of acceptable solutions including dis- 
tributions of only nearly oblate shapes, oblate and prolate shapes, 
as well as purely triaxial shapes. 

The SAURON survey dde Zeeuw et ai] |2002h provided veloc- 
ity maps reaching to about one effective radius for a sample of 
nearby early- type galaxies. The survey confirmed the main findings 
of the previous decades and established that many of the dynamical 
properties of early-type galaxies are related to a measure of their 
specific angular momentum, which was av ailable for the first tim e 
from velocity and velocity dispersion maps jEmsellem et al .120041) . 
Based on their apparent angular mo mentum, the early-type galaxies 
separate into slow and fast rotators dEmsellem et al.ll2007h . where 
slow rotators are weakly triaxial, but not far from isotropic, while 
fast rotators are nearly axisy mmetric, intrinsically fl atter and span 
a large range of anisotropics dCappellari et al.ll2007h . Furthermore, 
the fast rotators are aligned, while slow ro tators are misaligned 
temsellem et al.l2004l : rCaDpeUari et al.12007' ). This global property 
is followed locally where fast rotators do not show radial changes 
in the orientation of the velocity maps , which is, however, typical 
for slow rotators ("Krainovi c et al.ll2008h . 

In addition, the SAURON velocity maps of slow rotators ex- 
hibit a variety of kinematic structures, such as kinematic twists, 
kinematically distinct cores or showing no rotation at all, while the 
velocity maps of fast rota tors are kinematically m ore uniform show- 
ing disk-like kinematics (Kraino vic et alj[200 ^. This suggests that 
the difference in the appearance of the velocity maps of these two 
types of galaxies is related to their internal structures and is a con- 
sequence of their (different) evolution paths. The features visible on 
the kinematic maps are the end products of various processes and it 
is potentially useful to assess their relative importance. 

The SAURON survey found 25% of slow rotators among 
the nearby early-type galaxies. The SAURON sample, however, is 
not representative of the luminosity function of early-type galax- 
ies and a question remains: what is the relative fraction of galax- 
ies consistent with being axisymmetric? This question is relevant 
for our understanding of the importance of gas dissipation in the 
formation of early- type galaxies via hierarchical merging. Colli- 
sionless mergers of roughly equal mass progenitors generally pro- 
duce triaxial galaxies, while gas dissipation generates nearly ax- 



isymmetric systems with d isks (e.g. iNaab et al.ll2006l ; |jesseit et alj 
l2007l :lHoffman et al."2009^. Observations of molecular, atomic and 
ionised gas (Oosterloo et al. 2002; Sarzi et al. 2006; Morganti et alj 
'2006; Young et al. 2008|; ISerra et all 120081; ICrocker et al.l 12009]; 
.Oosterloo et al.. ^010) suggest that the evolution of early-type 
galaxies is significantly influenced by gas reservoirs, both free or 
bound to other galactic systems. The presence of gas inevitably re- 
sults in dissipation playing a major role in evolution. 

The purpose of this work is three fold: (i) to analyse the 
kinematic maps and images of the volume limited sample of 
nearby early-type gal axies gathered by the ATLAS '^'^ Survey 
teappellari et al.'2010, hereafter Paper I), (ii) to characterise quan- 
titatively the morphological and kinematic features and determine 
their frequency, and (iii) to measure the kinematic misalignment 
angle exploiting the completeness of the sample and the two di- 
mensional coverage of the kinematic data. Specifically, we explore 
the connection between the kinematic misalignment, the morphol- 
ogy and kinematic structures of nearby early-type galaxies. In this 
respect, this papers fol lows Paper I and its main results are used in 
temsellem et al.ll201ll. hereafter Paper III) 

In Section [2] we briefly describe the ATLAS^° sample and 
the types of data used in this paper In Section |3] we characterise 
the moiphological and kinematical structures observed in the sam- 
ple with more emphasis given to the latter We separate early-type 
galaxies based on their rotation, define various features visible on 
the kinematic maps and identify galaxies according to these prop- 
erties. This is followed by definitions of kinematic and photometric 
position angles, and the description of how these, as well as the el- 
lipticity of the galaxies, were measured together with an estimate of 
the uncertainty (Section|4}. The distribution of the kinematic mis- 
alignment angle is shown in Section |5] which is followed by a dis- 
cussion (Section|6]l and conclusions (Section[7]l. 



2 SAMPLE AND OBSERVATIONS 

The ATLAS '^'^ sample and its selection is described in detail in 
Paper I. Here we briefly outline the main properties. Our galax- 
ies were selected from a parent sample of objects brighter than 
Mk < —21.5 mag and a local volume with radius of D = 42 
Mpc using the observability criterion that the objects have to be 
visible from the William Herschel Telescope (WHT) on La Palma: 
\5 — 29° j < 35, where S is the sky declination, excluding the dusty 
region near the Galaxy equatorial plane. Galaxies were selec ted us- 
ing the 2MASS extended source catalog djarrett et al ]l2000h . while 
the classification of early-type galaxies was based on visual inspec- 
tion of available imaging: SDSS and DSS colour images. Here the 
main selection criterion was the lack of spiral arms or dust lanes 
in highl y inclined galaxies, following th e Hubble clas sification 
(Hubbl3 Tl93^ ; Ide Vaucouleurs et alj|l99ll) as outlined in lSandagd 
fl96ll) . The final sample contains 260 nearby early-type galaxies. 

Kinematic data used in this study we re obtained using 
the SAURON integral-field spectrograph (IPS; ISacon et al.ll200l1) 
mounted on the WHT. SAURON is an IPS with a field-of-view 
(FoV) of 33 X 41". The observing strategy and the data reduction is 
also described in detail in Paper I. The SAURON FoV, or mosaics 
of two SAURON pointings, was oriented along the major axis of 
the galaxies such as to maximise the coverage. Typically maps en- 
compass one effective radius although for the largest galaxies only 
half of the effective radius is fully covered (see Paper II I ). The data 
reduction follows procedures described in iBacon et al.l d200 i h and 
lEmsellem et al. t2004) . For 212 galaxies we used publicly avail- 
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Table 1. A summary of moiphological features in ATLAS' 



Feature 


Number 


Dust Disk 


Filaments 


Blue features 


(1) 


(2) 


(3) 


(4) 


(5) 


N 


159 


18 [16] 


8 [7] 


7 [4] 


B 


35 


2[1] 


1 [0] 


2[0] 


R 


13 


3 [2] 


1 [0] 


2[0] 


BR 


30 


1 [1] 


3[1] 


2[0] 


S 


9 


0[0] 


1 [0] 


1 [0] 


I 


12 


0[0] 


6 [5] 


1 [0] 



Notes: The total number of galaxies is 260; morphological and dust features 
were not classified in 2 galaxies without SDSS or INT imaging. Column (1): 
morphological features: N - no feature, regular shape. B - bar, R - ring, BR 
- bar and ring, S - shells, / - any other evidence for interaction. Column (2): 
Number of galaxies with moiphological features in Column ( 1 ). Column (3): 
Galaxies with dust dislcs. Column (4): Galaxies with dust filaments. Column 
(5): Galaxies with blue colour features. Column (3-5): Within brackets is the 
number of galaxies that only have the features listed in that column (a dusty 
disk, dusty filaments or a blue feature) 

able SDSS Data Release 7 r-band images jAbazaiian et al.ll2009l) . 
For galaxies which were not observed by the SDSS we had imag- 
ing campaigns using the Wide Field Camera on the Isaac New- 
town Telescope on La Palma, also in r-band. There we observed 
4 6 galaxies and the data reduction and calibrations are presented 
m IScottetalJ ( l20lTI) . Finally, there were two galaxies for which we 
were not able to obtain r-band images and in this study we used Two 
Micron All Sky Survey (2MASS) K-band observations instead. 



3 CHARACTERISATION OF MORPHOLOGICAL AND 
KINEMATIC STRUCTURES IN THE ATLAS^° 
SAMPLE 

In this section we describe morphological and kinematic features 
found in ATLAS^° galaxies. We are primarily interested in high- 
lighting the existence of bars, rings, shells or other interaction fea- 
tures, as well as the existence of dusty disks or filamentary struc- 
tures on the images. We also analyse the mean velocity maps and 
describe the kinematic features and their frequency in our sam- 
ple. We point out the most significant features and accordingly sort 
galaxies in five kinematic groups which will be used in the rest of 
the paper. Additional remarks, images of velocity maps of the full 
sample and a table with the morphological and kinematic charac- 
teristics of galaxies are presented in Appendices IaI Icl and ID] 

3.1 Morphological features 

Our morphological characterisation is purely visual, based on SDSS 
and INT r-band i mages, as well as t he SDSS true colour (red- 
green-blue) images jLupton et al1l2004}) when available, but we do 
not attempt to quantify the amount of dust, the structure of shells 
or tidal tails, or the properties of bars. Our goal is to measure 
the frequency of obvious structures as they are visible on our r- 
band images. Occasionally, for confirmation of not clearly recog- 
nisable bars, we also use information contained in absorption and 
emission-line maps. A summary of morphological features found 
in ATLAS^° galaxies is given in Tabled while the SDSS and INT 
colour images of the galaxies are shown in Paper I. 

Bars are detected in ~ 25% of the galaxies in our sample 
(65 galaxies), while rings are seen in ~ 17% of the sample (43 
galaxies). Rings and bars often occur together, and about half of the 



barred systems have clearly visible rings, but there are 13 ringed 
systems with no obvious bar like structure. The rings in these sys- 
tems resemble resonance rings (they do not appear as polar or col- 
lisional rings). There are three cases of dusty and blue, possibly 
star forming, rings (NGC3626, NGC4324 and NGC5582). The to- 
tal fraction of galaxies with bars and/or rings increases to 30% (78 
galaxies). This is still likely a lower limit, but if we consider only 
galaxies with de Vaucouleurs type between -3 and (175 galaxies 
in ATLAS'^° sample), 45% of galaxies have bars/rings in our sam- 
ple. This is in an excellent agreement with a recent near-infrared 
survey of barred SO galaxies dLaurikainen et al .|2009[) . 

We looked for dust using the same r-band SDSS and INT im- 
ages. We found 24 systems with dust in ordered disks, and 20 sys- 
tems with filamentary dusty features, giving the total fraction of 
dusty systems of 18%. An inspection of colour images reveals 15 
galaxies (6%) with some evidence of blue colours, half of which 
are found in the nuclei and half in (circum-nuclear) rings. Here we 
report the obvious cases, and their number is likely a lower limit 
only, but this does not influence the results of the paper. Note there 
are some well known cases of nucle ar dust disks visib le from space- 
based observations (e.g. NGC4261, |jaffeetal.ll996h . which we do 
not see on our ground-based images. We do not include them in our 
statistics. Similarly, we do not look for other morphological features 
below the spatial resolution of our images (e.g. nuclear bars). 

Evidence for past interaction of various degrees are seen in 
21 (8%) galaxies (based on our images from the SDSS and INT). 
These objects are likely at different stages of interaction, but they 
are mostly not actively merging systems. In particular, shells are 
visible in 9 systems at our limiting surface brightness of ~ 26 
mag/arcsec^. Evidence of past interactions are visible at all environ- 
mental densities, but they do not occur in galaxies which have other 
morphological perturbations (such as bars) at our surface bright- 
ness limit. In most cases, the interacting galaxies do not show or- 
dered dusty disks in the central regions. Filamentary dust features, 
however, can be found in half of the interacting galaxies. A spe- 
cific study of shells and other interaction features based on deeper 
MegaCam images will be a topic of a future paper in the series. 

3.2 Kinematic structures 

The majority of velocity maps of early-type galaxies in our sample 
show ordered rotation. More complex features, although present, 
are not common. We use the mean velocity and the velocity disper- 
sion maps to perform a complete description of kinematic structures 
that occur in the early-type galaxies of our volume limited sample. 

3.2.1 Two types of rotation 

We perform ed an analysis si milar to 'K rajnovic et al.l (l2008h using 
kinemetr50 i Krainovic et al. !f2006) on velocity maps. This method 
consists of finding the best fitting ellipse along which the velocities 
can be described as a function of a cosine change in the eccentric 
anomaly. In that respect kinemetry is a generalisation of isopho- 
tometry of surface brightness images (Carter" 197^ lLauedll985l : 
Bender & Moellenhoff 1987; Jedrzejewski 1987) to other moments 
of the line-of-sight velocity distribution (the mean velocity, velocity 
dispersion, etc.). This means that the stellar motions along this el- 
lipse can be parametrized by a simple law, V = Vrot cos (6), where 

1 The IDL KINEMETRY routine can be found on 
http://www.eso.org/~dkrajnov/idl 
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Vrot is the amplitude of rotation and 9 is the eccentric anomaly. 
Note that the same expression describes the motion of gas clouds 
on circular orbits in a th in (inclined) disk (e.g. lSchoenmakers et alj 
ll99llWongetaDl2004h and that, when kinemetry is applied to the 
velocity maps of thin gas disks, it achieves similar results to the 
titled-ring method (e.g. lBegeman|[l987l ; IStavelev-Smith et aljl990l : 
iFranxetal .111994 . There are, however, conceptual differences. The 
tilted-ring method determines the best-fitting ellipse by fitting a co- 
sine function in a least-squares sense along an elliptical path. In- 
stead, kinemetry performs a rigorous generalisation of the photo- 
metric ellipse fitting. It determines the best-fitting ellipse by min- 
imising the Fourier coefficients up to the 3rd, except the cos{9) 
term. This ensures a more robust fit and ensures that the higher or- 
der Fourier terms are unaffected by the ellipse fit. Moreover, the 
approach adopted by kinemetry allows the same method to be used 
to fit both photometric and kinematic data. The method first fits for 
the ellipse parameters, position angle Tkin and flattening of the el- 
lipse qkin ■ The velocity profile along the best fitting ellipse is then 
decomposed into odd Fourier harmonics. The first order fci is equiv- 
alent to Vrot, while the higher order terms show departures of the 
velocity profiles from the assumed cosine law. Examples of typi- 
cal kinemetric radial profiles of the 48 early-type galaxies from the 
SAURON survey, most of which ar e also part of ATLAS'^ " sam- 
ple, can be found in Appendix B of iKrainovic et alj bOOSi ). while 
examples of resi dual velocity maps obt ained subtracting kinemetry 
fits are shown in lKrainovic et al.l ( |2006|) . 

Deviations from the cosine law can be quantified by measur- 
ing the amplitude of the fcs harmonics. In practice it is better to 
use a scale free measure which is given by dividing fcs with local 
rotation fci . In order to characterise each object, we use the radial 
profiles to calculate the luminosi ty weighted averag e ratio fcs / fci , 
following the prescription from iRvden et al. 1 (Il999l) . We exclude 
rings for which kinemetry was not able to find a good fit (i.e. the 
ellipse flattening hits the boundary value). We estimate the uncer- 
tainty on fcs/fci with a Monte Carlo approach by perturbing each 
point of the fcs/fci radial profile based on its measurement error, 
calculate the luminosity-weighted average and repeat the process 
1000 times. The uncertainty is the standard deviation of the Monte 
Carlo realisations. The values of fcs /fci are determined within one 
effective radius or within the semi-major axis radius of the largest 
best fitting ellipse that is enclosed by the velocity map. 

We set a limit of fcs/fci < 0.04 for the velocity map to be 
well described by the cosine law. The choice for this number is 
somewhat arbitrary, but we based it on the mean uncertainty on 
fcs/fci for all galaxies (~ 0.03) and the resistant estimate of its 
dispersion (~ 0.01). N ote that this is higher than the 2% used by 
IKrainovic et alj j2008t) , but the observations of the SAURON sam- 
ple were of higher signal-to-noise ratio and lower average uncer- 
tainty on fcs/fci (0.015). If fcs/fci is larger than 4%, we flag the 
velocity map as not being consistent with the cosine law. In this 
way we separate two types of rotations among early-type galaxies. 

Galaxies of the first type, consistent with having fcs/fci < 
0.04, have velocity maps dominated by ordered rotation. These we 
call Regular Rotators (RR). Galaxies of the second type, consistent 
with kz/k\ > 0.04 have velocity maps characterised by more com- 
plex structures, including cases where rotation is not detectable. As 
a contrast to the RR galaxies we call them Non-Regular Rotators 
(NRR) galaxies. The majority of objects in the ATLAS'"^ sample 
belong to the RR type (214 or 82%), while there are 44 (17%) ob- 
jects of the NRR type. We were not able to classify two galaxies 
(PGC0581I4 and PGC170172) due to the low signal to noise ratio 
and an unfortunate position of a bright star. 



Table 2. A summary of kinemetric types and features in tlie ATLAS sam- 
ple. 



Feature 


RR 


NRR 


Comment 


NF 


171 


12 


No Feature on the map 


2M 


36 





Double Maxima in radial velocity profile 


KT 


2 





Kinematic Twist 


KDC 





11 


Kinematically Distinct Core 


CRC 


1 


7 


Counter-Rotating Core 


2a 


4 


7 


Doube peak on a map 


IN 





7 


Low-Level velocity (non rotator) 



Notes: The total number of galaxies is 260 and two galaxies were left un- 
classified in terms of their kinematic features. 



3.2.2 Kinemetric features 

The majority of the velocity maps are dominated by ordered rota- 
tion, but there are several distinct features recognisable on the kine- 
matic maps, especially among the galaxies of the NRR type. The 
diversity of the kinematic features suggest a variety of formation 
processes at work in early-type galaxies. We wish to describe these 
fossil records and quantify their frequency among the two rotation 
types. As above, we use the kinemetry analysis within one effective 
radius (or within the semi-major axis radius of the largest best fit- 
ting ellipse that is enclosed by the velocity map) to define various 
kinematic features occurring in our sample: 

• No Feature (NF) velocity maps are flagged if the orientation of 
the best fitting ellipses, Tkin, is constant with radius (both for RR 
and NRR type of rotation). In the case of NRR galaxies with a mea- 
surable rotation, Tkin can also change erratically between adjacent 
rings. 

• Double Maxima (2M) have radial profiles of the fci parameter 
characterised by a rapid rise of the velocity reaching a maximum 
value, which is followed by a decrease and subsequent additional 
rise to a usually larger velocity. These velocity maxima are aligned. 

• Kinematic Twist (KT) is defined as a smooth variation of Tkin 
with an amplitude of at least 10° over the map. 

• Kinematically Distinct Corfl (KDC) is defined when there is 
an abrupt change in Tkin with a difference larger than 30° between 
adjacent components, and fci drops to zero in the transition region. 
We require that at least two consecutive rings have a similar Tkin 
measurement within the component. 

• Counter-Rotating Core (CRC) is a special case of KDC where 
the change in Tkin is of the order of 180° . 

• Low-level Velocity (LV) map is defined when fci < 5 km/s. In 
these cases rotation is not measurable and kinemetry cannot deter- 
mine the ellipse parameters. 

• Double a (2a) are found by visually inspecting the velocity 
dispersion maps. This feature is characterised by two off centre, but 
symmetric peaks in the velocity dispersion, which lie on the major 
axis of the galaxy. We require that the distance between the peaks 
on the velocity dispersion map is at least half the effective radius. 

In principle, each map could be characterised by a combina- 
tion of a few of the above features. Specifically, all features could 

^ There is some confusion in the literature on the naming of these kinematic 
structures. Both Decoupled/Distinct and Core/Component terms are used to 
specify the same thing. We choose to use the combination of Distinct Cores 
in order to stress that they happen in the central regions of the galaxies but 
they might not be dynamically decoupled from the rest of the system. 
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Figure 1. Example of various features found on the mean velocity maps of ATLAS galaxies. From left to right, top to bottom: NRR/LV (NGC4636) pait of 
group a, NRR/NF (NGC5557) part of group b, NRR/CRC (NGC4472) and NRR/KDC (NGC4406) part of group c, NRR/2cr (NGC4528) part of group d, and 
representing group e RR/NF (NGC2974), RR/2M (NGC4026) and RR/KT (NGC4382). All maps are oriented such that the lai'ge scale photometric major axis 
is horizontal. Values in the lower right comers show the range of the plotted velocities in km/s. For definition of kinematic groups see Tables [5] 



occur both in RR and NRR galaxies, but this is generally not the 
case, as it can be seen in Tabled which summarises the kinemetric 
features found in the ATLAS^"^ sample. This can be understood by 
considering that any feature on the velocity map, especially those 
associated with the change of Tuin, will disturb the map such that 
fcs/fei will increase. Unless those features are small (relative to 1 
Re), the fcs / fci will be larger than 4% and, hence, the galaxy will 
be classified as NRR. An exception is the 2M feature since the two 
maxima are aligned and the ks/ki might increase only within the 
region of the rotation dip (see Krajnovic et al. 2006, for examples of 
the model velocity maps and their analysis). For a discussion on dif- 
ferences between 2M, KDC, 2a and CRC galaxies see Appendix IB] 

As stated above, the majority of galaxies are of RR type and 
they do not have any specific feature (66%). The second most com- 
mon feature (14%) are the aligned maxima on the velocity maps 
(2M) and they occur only in the RR type. In a few cases, RR type 
galaxies are also found to show KT (2), CRC (1) and 2a (3) fea- 
tures. The mean velocity maps of these more complex kinematic 
features are typically only marginally consistent with being of RR 
type. 

The number of galaxies with different features are evenly 
spread among the NRR type. There are 18 (7%) galaxies that have a 
KDC or a CRC feature (1 1 and 7 objects respectively), 12 (~ 5%) 
do not show any features, 7 (~ 3%) do not have any detectable 
rotation, while 7 have 2a peaks on velocity dispersion maps. It is 
possible that about a third of NRR/NF maps would be classified 
RR/NF in lower noise velocity maps. Possible candidates include: 
NGC770, NGC4690, NGC5500, and NGC5576. In Fig.Qwe show 
examples of the velocity maps dominated by the typical kinemetric 
features. 



3.2.3 Five kinematic groups of early-type galaxies 

In Section [3.2.1l we quantified two types of rotation present in early- 
type galaxies, while in Section [3.2.2l we discussed all features visi- 
ble on kinematic maps in our sample. In Paper III we separate galax- 
ies according to their specific (projected) angular momentum into 
fast and slow rotators. That separation is somewhat arbitrary and we 
use the two types of rotations on the velocity maps (RR and NRR) 
to empirically divide slow and fast rotators. In the rest of the paper 
we will continue to use the terminology of RR and NRR type of 
rotation, instead of Fast and Slow Rotators, but we emphasise the 
respective similarity between these definitions, although it is not a 
priori necessary that all RR galaxies are FR (see Paper III). 

The majority of galaxies are Regular Rotators without specific 
features, while a minority of galaxies show a variety of kinematic 
substructures. Given the fact that certain features do not occur in 
one of the two types of rotation presents a constraint on galaxy for- 
mation. In order to facilitate the usefulness of these features, we 
propose a system of five groups, which is based on reduction of 
non occurring features and blending of features with likely similar 
origin. 

In Table[3]we summarise the five groups. Note that in Table|3] 
we used only features which occur in our sample, but the intention 
is that group a consists of galaxies which do not show any rotation, 
while group b consists of galaxies with complex velocity maps, but 
which do not show any specific feature. Group c comprises kine- 
matically distinct cores, including the sub-group of counter-rotating 
cores, while group d has galaxies with double peaks on the veloc- 
ity dispersion maps. The most numerous is the group e, consisting 
of galaxies with simple rotation, and of galaxies with two aligned 
velocity maxima or with minor kinematic twists. In Fig. [T] we link 
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Figure 2. Diagrams presenting the kinematic analysis of ATLAS galaxies. Left. The frequency of two types of rotatiors: Regular Rotators (RR) and Non- 
Regular Rotators (NRR). Middle. The kinemetric features. Only those features found in our sample are shown. The numbers of galaxies are not shown for 
claiity. They are given in Table |2] Right. The five kinematic groups comprising significant kinemetiic features. Letters ci-/ are explained in Table |3] In all 
diagrams blue colour refers to ordered velocity maps that can be described by the cosine law (k^/ki ^ 0.04) and red colour to the complex velocity maps 
poorly described by the cosine law (k^/k\ > 0.04). Objects which were not classified are represented by the green slice and marked with 'U'. 



Table 3. Kinematic groups. 



Group 


# of galaxies 


Feature 


a 


7 


NRR/LV 


b 


12 


NRR/NF 


c 


19 


NRR/KDC, NRR/CRC, RR/CRC 


d 


11 


NRR/2cr, RR/2(T 


e 


209 


RR/NF, RR/2M, RR/KT 


f 


2 


U 



Notes: The last row is reserved for galaxies for which we were not able to 
determine kinematic features and which remain Unclassified. 

the typical kinematic features with the five significant kinematic 
groups. 

The three pie-chart diagrams in Fig. |2]visualise the frequency 
of the two types of rotation, different kinemetric features and their 
inclusion to significant kinematic groups. As mentioned before, the 
majority of early-type galaxies in the local universe are ordered, 
Regular Rotators. There are, however, a number of different kine- 
metric features visible on the maps of the mean velocity and veloc- 
ity dispersion, but they mostly occur in Non-Regular Rotators. Fi- 
nally, the last diagram shows the relative frequency of the five most 
significant kinematic groups in the ATLAS "^^ sample. Note that the 
number of e galaxies (209) is not equal to the number of RR sys- 
tems (214). The reason is that that 1 RR/CRC and 4 RR/2o- galaxies 
were put together with other NRR/CRC and NRR/2(7 systems into 
groups c and d. 

For a discussion on possible caveats of the kinemetric analysis 
we refer the reader to Appendix |A] while in Appendix |C]we show 
the velocity maps of all ATLAS'^° galaxies sorted in their kinematic 
groups. 



3.2.4 Linking morphology, kinematics and environment 

Figure[3]shows a histogram of morphological features of ATLAS'^'^ 
galaxies. We created four bins grouping objects with resonance 
phenomena (including bars, rings and bars with rings), interac- 
tion features (including shells and other interaction characteristics), 
dust/blue (including filamentary dust, dust disks and the blue nu- 
clear colours) and featureless galaxies with regular early -type mor- 
phology. In the same histogram we added the frequency of galaxies 
of the five kinematic groups for a given morphological feature. It 
is hardly suiprising that in all morphological bins the most repre- 
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Figure 3. Histogram with the comparison of morphological and kinematic 
features in ATLAS'^'-* galaxies. The morphological features are binned into 
Regular (featureless and regular shapes), Bar/Ring (bars and/or rings), Inter- 
action (shells or other interaction features) and Dust/Blue (dusty filaments, 
dusty disks or blue nuclear features). Hatched vertical bars show the number 
of galaxies having that moiphological feature and being part of one of the 
five kinematic groups (a,b,c,d,e). The right hand axis is in the units of total 
number of galaxies in the sample. 



sented are the galaxies of the group e (RR galaxies), given that this 
is also the most numerous group. 

It is somewhat suiprising that galaxies with evidence for inter- 
action do not show more complex kinematics (only two galaxies are 
from groups b and c), which is probably due to the difference in the 
dynamical state and time scales between the large (interaction fea- 
tures) and small scales (kinematics). The resonance phenomena are 
linked to disk dominated systems, and almost all galaxies in this bin 
show Regular Velocities. There are three exceptions of which one 
deserves special attention: a barred NRR/LV (NGC4733), which is 
seen at very low inclination and, hence, likely an object with in- 
trinsic rotation. Dust or blue nuclear features are also present in 
galaxies of all groups with complex kinematics, but only in one or 
two galaxies per group. In this group there is also a special case: a 
round NRR/LV galaxy (NGC3073) which also has blue UV colours 
dPonas et al.,,2007,) . 
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Figure 4. The spatial distribution of kinematic groups of ATLAS'' galaxies. All galaxies with < —21.5 mag (the parent sample) are shown: full spatial 
distribution (top), the Virgo cluster galaxies (bottom left) and a zoom in on the core of the Virgo cluster (bottom right). The legend on the top panel describes 
the symbols on all plots showing galaxies in kinematic groups: a (no rotation), b (Non-Regular Rotators without special kinematic features), c (kinematically 
distinct cores, including counter-rotation cores), d {2a peak galaxies), and e (Regular Rotators). Spiral galaxies are shown as logarithmic spirals. The large 
dotted circles on bottom left panel has a radius of 12° and encompasses the same region as the dotted ellipse in the top panel. The Virgo cluster core is shown 
by the solid circle centred on M87 with R = 0.5 Mpc. 



Complex kinemetric features (groups a, b, c and d) are mostly 
found in galaxies with typical, featureless, early-type morphologies, 
confirming the reputation of early-types that while looking simple, 
they retain complex internal structure. All intrinsically non-rotating 
galaxies (group a) are here, as well as the majority of galaxies with 
KDCs or just complex velocity maps. Galaxies with two peaks on 
the velocity dispersion maps are also mostly found in this bin. This 
suggests that any process that shaped these galaxies has happened 
a long time ago. 



As an illustration of the environmental influence on the kine- 
matics of galaxies (and the membership to a specific kinematic 
group) we show in Fig. |4] the distribution on the sky of all galax- 
ies brighter than -21.5 mag in K band of the parent sample (Paper 
I; both ATLAS'"^ and spiral galaxies). The kinematic groups are 
distinguished by different symbols. The top panel shows the north- 
em hemisphere and, excluding the Virgo cluster, it can be seen that 
the spirals and galaxies from the group e have a relatively simi- 
lar spatial distribution, while the galaxies with complex kinemat- 
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ics are found typically surrounded, in projection, by other galax- 
ies. Obvious exemptions are two a group galaxies in the North- 
em part of the plot: NGC3073 (RA ~ 150°) and NGC6703 (RA 
^ 280°). Three other galaxies are in less densely populated regions: 
NGC5557 from group b (RA ~ 210°), NGC661 from group c (RA 
~ 25°) and NGC448 from group d (RA ~ 20°). For NGC3073 and 
NGC6703 there is evidence they are actually disks seen at low in- 
clinations (de Vaucouleurs et al. 1991 ; Emsellem et al. 201 1), while 
both NGC448 and NGC661 have two o peaks in their velocity dis- 
persion maps, but the separation between the peaks for NGC661 is 
below the imposed limit of 0.5 Re, making it a very small feature 
(see Appendix [At. 

In the Virgo cluster the situation is alike: galaxies with RR type 
rotation and spirals are similarly distributed, although spirals tend 
to be further from the centre of the cluster. In contrast, the galax- 
ies with complex kinematics are mostly found in the very core of 
the cluster (R < 0.5 Mpc). Specifically, there are 11 galaxies from 
groups a, b, c and d and 8 of them are within 0.5 Mpc in radius 
centred on the M87. The three outside are: NGC4489 (North of 
the core), NGC4472 (South of the core) and NGC4733 (East of the 
core). NGC4472 and NGC4489 are both classified as CRC galax- 
ies, but NGC4472 (or M49) is in a more densely populated environ- 
ment and it is the most massive galaxy of a small sub-group, while 
NGC4489 is in a region with a fewer larger galaxies. NGC4733, 
also in a less densely populated region, was mentioned above as a 
barred galaxy. 

A version of Fig. |4] showing the fast/ slow rotators ins t ead of 
our five kinematic classes is presented in ICappellari et"aLl (l201ll, 
hereafter Paper VII). We refer to that paper for a detailed investi- 
gation of the connection between environment and kinematics of 
ETGs. In Paper VII, we find a clear excess of slow rotators in the 
densest core of the Virgo cluster. The distribution of galaxies with 
complex kinematics we find here (groups a, b, c and d) confirms that 
the environmental effects on the internal dynamics are significant. 



4 DETERMINATION OF KINEMATIC AND 
PHOTOMETRIC POSITION ANGLES AND 
ELLIPTICITIES 

In this section we present methods for determining global values of 
the kinematic and photometric position angles as well as the global 
ellipticity of galaxies. All values are tabulated in Table IDll 



4.1 Kinematic Position Angle 

The global kinematic position angle (PAfei„) is the angle which de- 
scribes the orientation of the mean stellar motion on a velocity map. 
It is usually defined as the angle between the north and the reced- 
ing part of the velocity map (maximum values). If figure rotation is 
absent, PAkin is also p erpe ndicular to the orientation of the appar- 
ent angular moment Franx (1988'). We mea sure it using the method 
outlined in Appendix C of Krai novic et alj ^2006 Pi Briefly, for any 
chosen PAfei„ we construct a bi-(anti)symmetric velocity map mir- 
rored around an axis with the position angle PAkin + 90°. The best 
PAkin is defined as the angle which minimises the difference be- 
tween the symmetrised and the observed velocity maps. 



^ We use an IDL routine FIT_KINEMATIC_PA.PRO publicly available on 
http://www.puri.org/cappellari/idl 



The error on PAkin is defined as the smallest opening an- 
gle that encloses the position angles of all the models for which 
the symmetrised and observed data are consistent within a chosen 
confidence level. The acceptable confidence level was defined by 
Ax^ < 9 + 3V2N, where Ax^ < 9 is the standard 3cr level 
for one parameter, and we included an additional term SV^N to 
account for the Sa uncertainties in ■ The latter term becomes im- 
portant when dealing with large datasets, as pointed out in a similar 
context bv lvan den Bosch & van de VerJ ( |2009|) . 

We produce 361 different bi-symmetrised maps with 0.5° 
steps in position angle ranging from to 180°. The actual un- 
certainty depends also on bin sizes, FoV, asymmetric coverage of 
the galaxy and on velocity ertors (see Section |43). In addition we 
compare and verify our results with the radial profiles of Ffcijfl 
derived using kineme try (see Section |3}. As was also shown in 
iKrajnovic etaP l2006l) . the average luminosity weighted Tkin ob- 
tained from kinemetry agrees well with the global PAkin for a typ- 
ical velocity map. 

4.2 Photometric Position angle and ellipticity 

The photometric position angle (PAphot) measures the orientation 
of the stellar distribution and it defines the position of the apparent 
photometric major axis measured east of north. We derive PAphot 
by calculating the moments of inertia of the surface brightness dis- 
tribution from the SDSS and INT r-band images. At the same time 
the method provides the global ellipticity e. The PAp^ot and e esti- 
mated in this way are dominated by large scales. This is favourable 
since we want to derive the orientation and the shape representative 
of the global stellar distribution, particularly to avoid the influence 
of the bars, which are usually restricted to small radii and are com- 
mon in our sample. For this reason, we also try to use the largest 
possible scales of the images. 

We first determine the median level and the root-mean-square 
(rms) variation of the sky in each image. We then use an IDL routine 
that measures the moment of inertiqj on pixels that are a few times 
the sky rms above the zero (a median sky level was subtracted from 
the images). We masked the bright stars and companion galaxies 
if present. As levels we use 0.5, 1, 3 and 6 times the sky rms. The 
standard deviation of the measurements at these levels is used to 
estimate the uncertainties to PAphot and e. The final e and PAp^ot 
are taken from the measurement obtained using pixels that were 3 
times the rms. In some cases most of the galaxy surface brightness 
is dominated by the bar, and in order to probe the underlying disk 
one has to encompass the faint outer regions. In these cases, de- 
pending on the size of the bar, we use the measurements obtained at 
lower sky cuts, 0.5 or 1 times the sky rms. In this way, PAphot was 
typically measured between 2.5 to 3 effective radii. 

We also fitted ellipses to the isophotes of our galaxies and ob- 
tained radial profiles of the position angle Fp^ot and the flattening 
qphot using the kinemetry code optimised for surface photometry. 
We compared the results of the moment of inertia method with the 
averages of the rings between the sky level and a level at 6 times 
the sky rms. The standard deviation of the differences between the 



^ Note that we differentiate between the global and local kinematic orien- 
tation, PAj.j„ and Tkin respectively, estimated with different methods. The 
same applies for the photometric values. 

^ The fDL routine is called FI N D.GAL AXY.PRO and is a part 
of the MGE package (Cappellari 2002) that can be found on: 
http://www.purl.org/cappeffari/idl 
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Figure 5. Top: The uncertainty on tlie pliotometric position angle, SPApfi^t, 
as a function of ellipticity. Bottom: Tlie uncertainty on the kinematic po- 
sition angle, SPA^in, as a function of the maximum rotational velocity 
reached within the SAURON FoV. Horizontal lines on both panels show 
mean uncertainty values for the region they cover On the top panel: ~ 9° 
for e < 0.4 and 2° for e > 0.4. On the bottom panel: 17° for 
l^niax ^ ^ 30 j-^j. i^max y ^qq gj^^^j, squares show 

galaxies with bars and/or rings, orange upward pointing triangles galaxies 
with evidences for interactions, green downward pointing triangles galaxies 
with evidence for dust or blue nuclei, and other, regularly looking early-type 
galaxies are shown with blue circles. 



Figure 6. Top: An estimate of the photometric radial variation of F^^^'^ 
plotted as a function of ellipticity. Bottom: An estimate of the kinematic 
radial variation of T^f^ plotted as a function of the maximal rotational ve- 
locity within the SAURON FoV (bottom). Dashed horizontal lines in both 
plots are at 5°. Black squares are galaxies with bars and/or rings. Orange 
upward pointing tiiangles are interacting systems. Green downward point- 
ing tiiangles are galaxies with evidence for dust or blue nuclei. On the top 
panel, regularly looking early-type galaxies are shown with blue circles. 
On the bottom panel, the red diamonds show galaxies from a, b, c and d 
kinematic groups with regular morphology. Galaxies from the group e with 
regular morphologies are shown with blue circles. 



two estimates for PAphot and e were 2° and 0.03, respectively. A 
special care should be given to the estimate of e, particularly when 
e ~ 0, as ellipticity values are bound (> 0), which induces a posi- 
tive bias at low ellipticities. We estimated this bias by constructing 
round models with de Vaucouleurs' profiles, using brightness, noise 
patterns and sky backgrounds similar to the observed galaxies. Our 
tests suggest that the moments of inertia method affects the estimate 
of e by a positive bias of about 0.02. 



4.3 Uncertainties on position angle estimates 

The uncertainties for both PAkin and PAphot are, generally, small, 
as can be seen from Fig.|5] In the case of photometry (upper panel) 
there is an expected trend of larger errors with decreasing elliptic- 
ity, since PAphot is not a defined quantity for a circle. For e > 0.4 
the mean measured uncertainty is just under 2°, while for e < 0.4 
it increases to just above 9° . Most of the galaxies with larger uncer- 
tainties are either barred/ringed, interacting or dusty systems. Simi- 
larly, in the case of kinematics (lower panel), there is a clear trend of 
increasing errors with decreasing maximum rotational velocity ob- 
served within the SAURON field-of-view. The average uncertainty 



on PAkin for systems with A;™"^ > 100 km/s is just above 3°, 
while for fc™"^ < 100 km/s the mean error is 17°. The existence 
of bars/rings or evidence for interaction does not influence the ac- 
curacy of PAkin determinations. Dust has some influence, but it is 
the disappearance of rotation that causes the large uncertainties in 

PAkin • 

Measurements by the moment of inertia method can be sys- 
tematically biased by dust obscuration, interaction features (shells, 
tidal streams, accreted components), morphological features (bars, 
rings) and bright stars or companion galaxies. Most of our galaxies 
are dust free and when present, dust is mostly centrally distributed. 
Bright stars can be avoided in most cases by masking, which usu- 
ally also works well on companion galaxies unless the pairs are very 
close. On the other hand, going out to large scales to avoid bars, in- 
creases the probability to detect shells and brighter tidal debris in 
other galaxies. It is possible to avoid both problems if there is no a 
priori set radius at which (PAphot^ e) are measured, but an optimal 
one is chosen for each object instead. This, however, has to be taken 
into account during the analysis of the data, and could be revised for 
different puiposes. 

In the case of PAkin, the main sources of systematic errors lie 
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Figure 7. From left to light: Histograms of the kinematic misahgnment angle, eUipticity and maximum rotational velocity. The left hand y axis is normalised to 
the total number of galaxies, while the right hand y axis gives the number of objects in each bin. In the right most histogram, the shaded region is for galaxies 
with t < 0.3. 



in contamination by foreground stars, dust lanes, large bin size or 
bad bins. The stars or bad bins can be masked leaving enough in- 
formation to determine PAfti„, while the dust affects the overall ve- 
locity extraction. Dusty galaxies are uniformly distributed over the 
parameter ranges plotted in Fig. |5] and there is no evidence the dust 
is affecting our measurements significantly. Large bins, however, 
mean a simple loss of spatial resolution and a degradation in the 
PAfcin precision. We estimate that in about 5% of galaxies, VAkin 
might be affected to some degree by the lower spatial resolution. 
This effect is accounted for in the quoted uncertainties. 

Finally, the estimated uncertainties do not fully reflect the ac- 
tual radial variation of the position angles; the extent of isophotal or 
kinematic twists are only partially represented with our derived un- 
certainties, especially in the case of photometry where the measure- 
ments are biased to the larger radii. On Fig. |6]we show a measure 
of the position angle twists for both photometric and kinematic data 
from the kinemetry analysis of the images and the velocity maps. 
They were estimated as the standard deviation within 1 or the 
SAURON FoV, rj^j^ and P^^^ for photometric and kinematic ra- 
dial variations, respectively. In case of photometry (upper panel), 
galaxies with larger T^hot typically barred, but there are also 
interacting systems or galaxies with dust. Note that regular, undis- 
turbed, galaxies with larger FJ^^^ mostly have small ellipticities, 
which is also a consequence of the degeneracy in PA determination 
for more round objects. 

In the case of kinematics (lower panel) radial variations are 
seen almost exclusively in galaxies with NRR type of rotation, 
which also have lower maximal rotational velocities. These galax- 
ies typically harbour KDCs and CRCs features iVXvi^ around 90°). 
Note that for NRR galaxies with large F^^^^ not all values should 
be taken at their face values. The kinemetry results are not robust 
in the regime when the rotation drops below the measurement level 
and the ellipse parameters are poorly constrained. 

We conclude this section by taking as the typical uncertainty 
on VAphot and PAfci„ a value of 5° . This is a small over-estimate 
for flat and fast rotating systems, while somewhat less accurate for 
round and slow rotating galaxies, and we note that the typical uncer- 
tainty on PAfcin is somewhat larger than the typical error on VAphot- 
We will use it as the representative uncertainty when the two mea- 
surements are combined in the next section. 



5 KINEMATIC MISALIGNMENT 

Based on the iFranx et al. I ( Il99lh definition we calculate the kine- 
matic misalignment angle as the difference between the mea- 
sured photometiic and kinematic position angles: 

sin* = |sin(PAphot-PAfc,„)|. (1) 

In this way, is defined between two observationally related quan- 
tities and it approximates the true kinematic misalignment angle, 
which should be measured between the intrinsic minor axis and the 
intrinsic angular momentum vector. In the above parametrisation, 
"J lies between and 90° and it is not sensitive to differences of 
180° between VAphot and VA^in. 

In Fig.|7]we show histograms of three quantities for galaxies 
in the ATLAS^'^ sample. The kinematic misalignment angle *]/, is 
remarkably uniform: 71 per cent of galaxies are in the first bin with 
* < 5°, with another 14 per cent with 5 < * < 10°, and in total 
90 per cent of galaxies having <!/ < 15° . The remaining 10 per cent 
of galaxies are spread over 75° with a few objects per bin. Before 
exploring in more details below the remarkable near alignment of 
early-type galaxies, we note a relatively flat distribution of elliptic- 
ities and the broad distribution of the maximum rotational velocity 
centred at about 90 km/s. 

The distribution of ellipticities of ATLAS^'^ galaxies is dif- 
ferent from both distributions of el hpticities of 'ellipticals ' and 
'spirals' measured in the SDSS data j Padilla & StrausslbOOSl) . Our 
galaxies span the ellipticity range from to just above 0.8 and in 
that sense are similar to the apparent shape distribution of spirals. 
There is, however, an excess of round objects relative to the late- 
types and an excess of flat objects rela t ive to the early-types from 
samples analysed bv lPadilla & StraussI ( |2008|) . An in-depth analy- 
sis of the distribution of ellipticities in the ATLAS^'^ sample and its 
inversion regarding the intrinsic shape distribution will be a topic of 
another paper in this series. 

The distribution of maximum rotational velocities can be de- 
scribed as a broad distribution around 90 km/s, and a tail of objects 
with high velociti es. Our sample is different from the sample of 
lFranxetal.l ( ll99lh . where most of the galaxies have rotational ve- 
locity less than 100 km/s, with a peak at ~40 km/s. This is naturally 
explained by the fact that their sample had galaxies with e < 0.3, 
as it can be seen if we plot the histogram of k™"^ for only those 
galaxies (shaded region on the last panel). 
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In the top panel of Fig.[8]we show the kinematic misalignment 
angle as a function of ellipticity for all galaxies in the sample (in 
the second panel we show the same data, but without the eiTor bars, 
and \1/ in the range of — 40°). The seven larger symbols plotted 
as upper limits are the galaxies which do not show rotation (kine- 
matic group a). Their uncertainties on PAkin are typically ~ 90°, 
and their ^ are unconstrained, hence in this figure we plot them as 
"upper" limits. 

While most of the galaxies are aligned, there is a dependence 
of \l/ on e, in the sense that rounder objects are more likely to have 
larger At the same time, however, the uncertainties increase, 
as shown in Section [43] In this section we want to scrutinise the 
galaxies with evidence for kinematic misalignment, and, based on 
the results of Fig. |5] we look in more details only at galaxies with 
* > 15°. 

In the two top panels of Fig. [8] we also highlight the po- 
sitions of galaxies with different morphological features. Most 
of the galaxies with resonance phenomena have small "I*. The 
five most misaligned galaxies are: NGC502, NGC509, NGC2679, 
NGC4268 and NGC4733. NGC4733 was mentioned before (see 
Section [3.2.4t . The other four galaxies are characterised by rela- 
tively poor kinematic data quality. NGC502 and NGC2679 have 
similar shapes to NGC4733, bur NGC2679 also has a prominent 
ring. NGC509 and NGC4268 are interesting since they are the only 
galaxies flatter than 0.3 with a significant misalignment. NGC4268 
has evidence for a ring, while NGC509 has a peanut shape bulge. 
Except in the central ~ 10" x 5", their velocity maps are dom- 
inated by large bins with significant changes in velocity between 
them, which can bias the determination of PAfci„ and might explain 
the unusually large ^' of these flattened objects. 

Dust or blue nuclear features are present in galaxies that are 
generally aligned; there are four galaxies in this class with a sig- 
nificant misalignment: NGC3073 (see Section NGC1222, 
NGC3499, NGC5631 and NGC5485. NGC1222 is an interacting 
galaxy with complex dust features and most likely not a settled ob- 
ject yet. NGC3499 has a twisted dust lane which is almost perpen- 
dicular to the observed rotation. NGC5631 has a dust disk associ- 
ated with the rotation of the KD C, while NGC5485 is one of two 
long-axis rotatorflin our sample JWagner et al.lll988l) . It also has a 
dust disk of ~ 27" in size (just smaller than the effective radius of 
28" and fully covering the SAURON FoV), which is oriented along 
the minor axis making it a polar dust-disk aligned with the stellar 
rotation. 

Similarly, there are five st rongly misaligned ga laxies with 
interaction features: NGC474 dTumbull et all Il999l) . NGC680, 
NGC1222, NGC3499 and NGC5557. Of these, aU but NGC1222 
and NGC3499 are characterised by shells, while these systems 
are also dusty. All other galaxies with * > 15° (NGC4261, 
NGC4278, NGC4365 NGC4406, NGC4458, NGC5198, 
NGC5481, NGC5813, NGC5831) have normal morphology 
for early-types, but they, except NGC4278 (see below), belong to 
kinematic groups b and c. 

In conclusion, misaligned systems often have bars, rings, dust 
and interaction features and there are indications that these mor- 
phological structures influence the measurements of PAp^ot- They 
certainly highlight a complex and, in some cases, also unsettled in- 



° Sometimes the long-axis rotation is also called the prolate rotation. In 
general, the prolate rotation is characterised by the difference between the 
global photometric and kinematic position angles of ~ 90° . 



temal structure. Misaligned galaxies with normal morphology have 
complex kinematics to which we turn our attention now. 

The third from the top panel of Fig. [8] shows the kinematic 
misalignment angle for galaxies belonging to the kinematic group 
e. These are all galaxies with simple regular rotations that can 
be well described by the cosine law. These galaxies are evenly 
spread in e but are mostly found with small ^ and constitute 
the majority of galaxies in the first bin of the kinematic mis- 
alignment histogram (left panel on Fig. |7J. There are, however, a 
few that are strongly misaligned (in the order of decreasing ^P): 
NGC509, NGC3499, NGC502, NGC474, NGC4278, NGC2679, 
NGC680 and NGC4268. Of these only NGC4278 was not pre- 
viously mentioned. Although this galaxy is classified as a RR, 
its ki n ematics show some peculiar signatures ([Sc hechter & Gunrj 
I1979I; 'Pavi es & Birkinshawl Il988l: Ivan der Marel & Franx. ,1993[ 
Emsellem et alj|2004l) : the mean velocity is decreasing towards the 
edge of the SAURON FoV and we do not cover the full effective 
radius. In that respect the rotation that we are seeing could also 
belong to a large KDC covering the FoV and it could change sig- 
nificantly outside the covered area (see discussion in Appendix [At. 
This galaxy also shows a drop in the central velocity dispersion. All 
these suggest it is a special case and could be classified as a KDC. 

The lower panel of Fig. [8] shows galaxies with complex kine- 
matics and there is a significant number of strongly misaligned 
galaxies. We show again the galaxies from the kinematic group a 
(no rotation) as upper limits since their actual positions i n the ^ — e 
is un constrained. A Kolmogorov-Smimov (K-S) test <Press et alj 
I1992I) rejects the hypothesis that the galaxies from group e on the 
panel above have the same distribution of \1/ as the galaxies from 
groups b, c and d on this panel (the probability that the distributions 
are the same is 0.001). 

Galaxies of the kinematic group b (non-regular rotators with 
no kinematic features) are found both among the aligned (6) and 
misaligned (6) objects. Some of the most misaligned objects fall in 
this group, such as the long-axis rotators NGC4261 and NGC5485. 
A similar spread in 'i' is found in galaxies of the kinematic group 
c, which comprises KDC and CRC systems. The only somewhat 
misaligned CRC system is NGC4472 (* = 14°), while the align- 
ment of the KDC is rare. It happens in some of those KDC galaxies 
which do not have any rotation outside the core, when the rotation 
of the KDC is aligned with the global shape of the galaxy. 

The final group of objects on this panel is group d (2a peak 
galaxies). They are all aligned systems and except in two cases they 
are found only at e > 0.4, where there are typically no misaligned 
galaxies. Their velocity maps are often characterised by counter- 
rotating components, and in terms of kinematic misalignment they 
are similar to CRC galaxies (but see the discussion in Appendix [At. 

We looked for dependence of kinematic misalignment angle 
on both the environment and the galaxy mass, but found no strong 
correlations. Defining the measure of the environment as the den- 
sity inside a sphere containing the ten nearest galaxies Paper VII, 
we found no statistical difference between the ^ for galaxies in and 
outside the Virgo cluster (a K-S test probability is 0.192). On the 
other hand, galaxies with ^ > 15° are often found in intermedi- 
ate environments with the number densities ranging between O.OI 
- 0.1 Mpc~'^. The kinematic misalignment does not depend on the 
mass strongly, however, splitting the sample at 10^^'^ M0 yields 
a K-S test probability of 0.007, suggesting that only the most mas- 
sive galaxies in our sample are more misaligned then other systems. 
Note that the group of most massive galaxies contains the majority 
of galaxies for which 'I' is unconstrained, (i.e. non-rotators), which 
were not used in the statistical tests. 
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Figure 8. Distribution of the kinematic misalignment angle 'I' as a func- 
tion of ellipticity e. Top: All galaxies. Different morphological features are 
shown with different symbols: green squares show galaxies with bars and/or 
rings, orange upward pointing triangles galaxies with dust or blue nuclei, red 
downward pointing triangles galaxies with interaction features, black circles 
galaxies without specific features. Large symbols without error bars show 
galaxies without detectable rotation (kinematic group a). The error bars are 
the unceitainties of the PAj,j„. Middle Top: The same plot as above, but 
where spans only 40° and without the error bars for clarity. Middle Bot- 
tom: The kinematic misalignment of galaxies in kinematic groups e (regular 
rotators) and / (unclassified kinematics). Bottom: The kinematic misalign- 
ment of galaxies with complex kinematic belonging to groups: a (no rota- 
tion), b (non-regular rotators without special kinematic features), c (kine- 
matically distinct cores, including counter-rotation cores) and d (2a peak 
galaxies). On the bottom two plots the error bars are not plotted for clarity. 



6 DISCUSSION 

The two most striking findings of this work are that (i) among 
nearby early-type galaxies 82 per cent show ordered, regular ro- 
tators and that (ii) 72 per cent are systems with an ahgnment be- 
tween photometry and kinematics of less than 5 degrees, while 90 
per cent are consistent with this value when the uncertainties are 
taken into account. There are only 10 per cent of galaxies with a 
large misalignment (^' > 15°). This finding contradicts the canon- 
ical picture of early-type galaxies and in this section we discuss our 
results in more detail. 



6.1 Consequence of kinematic alignment of early-type 
galaxies 

The axial symmetry is the rule rather than an exception among 
early-type galaxies, at least within one effective radus. This 
is in contrast with the conventional view of early-type galax- 
ies, in particular ellipticals. Our understanding of their struc- 
ture changed from considering ellipticals simple in shape, con- 
taining little gas or d ust and dy namically uncomplicated one- 
component systems (e.g. lGotlll977h to being dynamically complex, 
kinematically diverse a nd morphologi cally heterogeneous (e.g 



^innev 1983: Kormend v & Diorgovs ldi ll989l: IdeZ eeuw & Franw 
1991; Jaffe et al. 1994; Faberet al. 1997; K ronawitter et al.ll200o[ 
lEmsellem et al. 2004; Kormendy et al. 200^. The first system- 
atic observations with integral-field spectrographs and the analysis 
of two dimensional kinematic maps confirmed the complexity of 
early-type galaxies, but also showed that the traditional separation 
into ellipticals and lenticulars is not able to distinguish the kine- 
matic and dynamic differenc e among these objects ( Emsellem et alj 
l2007l ; ICappellari et al.ll2007l) . Specifically, half of eUipticals in the 
SAURON sample were kinematically similar to lenticulars and 
a fraction of the other half showed signatures of triaxiality. The 
ATLAS sample, comprising all early-type galaxies brighter than 
Mk < 21.5 and within D<42 Mpc, is the first sample which can 
address this point statistically with IPS data. 

The majority of early-type galaxies are still relatively simple 
systems (group e with 80% of galaxies). Their velocity maps are 
mostly featureless and similar to those of thin disks, although they 
might have multiple kinematic and morphological components such 
as inner disks, bars or rings. Their apparent angular momenta are 
typically aligned with the projected minor axis of the stellar dis- 
tribution, suggesting close to axisymmetric shapes. Galaxies from 
group e, which show misalignments, are typically barred, have 
dusty features (both of which can influence the measurement of the 
position angles) or exhibit evidence for recent interactions (i.e. they 
are either not fully settled systems and/or the measurements of the 
position angles might be biased). 

A minor fraction of early-type galaxies show complex kine- 
matic maps and a variety of kinemetric features (groups a, b, c and 
d with ~ 20% of galaxies). They have multiple components with 
appreciably different kinematic properties (e.g KDC), some show 
no detectable rotation, while in others the rotation is present, but 
it is quantitatively different (measured by kinemetry) from the reg- 
ular pattern of the majority of objects. Approximately half of the 
kinematically complex galaxies are significantly misaligned. As in 
galaxies from group e, there are cases of dusty or interacting galax- 
ies with large \&, but the majority of misaligned galaxies with com- 
plex kinematics seem to be morphologically undisturbed objects 
and the kinematic misalignment is an evidence for their triaxial fig- 
ure shapes. 
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The median kinematic misalignment angle for our sample 
is ~ 3° which is quite different from the predictions of hierar- 
chical structure formation models (e.g. van den Bosch et al. 2002; 
iBailin & St einmetj|2004l2005l : ICroft et al.ll2009l:lBett et alj2010h . 
although the comparison between the cosmological simulation re- 
sults and the observations can not be made directly given the dif- 
ferences in methods, probed regions and content of simulated and 
observed galaxies. The comparison with the values from the rem- 
nants of mergers of equal mass disks shows that s maller misalign- 
ments are fo und if the mergers are dissipational (ICox et al1l2006l : 
IJesseit et all 2009). where the increase of gas content helps to align 
the angular momenta with the orientations of the minor axes of the 
merger remnants (Hoffman et al. 2010), but it also depends on the 
type of or bits of the merge r and the actual Hubble type of the pro- 
genitors (iBois et al.ll201 iL Paper VII). Furtherm ore, the remnants 
of unequal mass mergers are typ ically aligned dCox et all l2006l : 
Ijesseit et al.'2009l: lBois et alj20Ilh , and they are likely to be signifi- 
cant among the formation processes for the formation of the present 
day population of early-type galaxies. 

Within 42 Mpc there are about 9% of misaligned early-type 
galaxies, or less than 3% of the total galaxy population. This sug- 
gests that the processes that result in the large \& measured between 
~ 1 (kinematics) and ~ 3 (photometry) effective radii can not be 
very important for the formation of the majority of early-type galax- 
ies, although they are likely important at the high mass end of the 
galaxy distribution. 



6.2 Disks in early-type galaxies 

The majority of early-type galaxies show RR type rotation, char- 
acterised by velocity maps similar to those of inclined disks {V — 
Vrot cos(S)), having either featureless RR/NF velocity maps (66% 
of the sample) or two-component RR/2M velocity maps (14% of 
the sample). The vast majority of these galaxies are also kinemat- 
ically aligned. FurtheiTnore, bars and rings, which occur in disks, 
are found almost exclusively in galaxies with this type of rotation. 

As we show in Paper III, the division into RR and NRR types 
of rotation can be used to help separate the early-type galaxies into 
fast and slow rotators, respectively. Cappellari et al. (2007) and Pa- 
per III show that fast rotators, or galaxies from the kinematic group 
e, are consistent with being a single family of oblate objects viewed 
at different inclination angles. These results indicate that RR galax- 
ies are, at least to a first approximation, made of flattened, rapidly 
rotating components which must be related in their origin to disks. 

Multi-wavelength observations show that gas is often present 
in early-type galaxies, and it is frequently settled in disks, both 
large HI, and small CO or ionised gas disks (e.g. Sarzi et al.l 
2006; Morganti et al. 200^; lYoung et al.l |2008| ; ISerra et al.l |2008| ; 



Oosterloo et al. 2010). Other papers in this series will discuss these 



aspects in more detail, but we stress that the gas is important for 
the evolution of many (if not most) early-type galaxies. In addition, 
the stellar population content of RR galaxies often shows distinct 
and flattened regions of incr eased meta llicity suggesting a link with 
regions of ordered rotation (iKuntschner et al..2006, .2010,) . 

The disk-like origin of kinematics is also visible in the higher- 
order moments of the LOSVD, usually parameterised by Gauss- 
Hermite moments, which describe t he deviations from a Gaussian 
shape of the a bsorption-line profiles jvan der Marel & Franxlll993l ; 
iGerhardI 19931 In Fig.|9] we show ha Gauss-Hermite moments sep- 
arating the galaxies according to their kinematics and morphology, 
plotting values for each spatial bin (spectra) of those galaxies with 
effective velocity dispersion > 120 km/s (151 galaxies). This se- 



lection is made to avoid possible biases for galaxies with ae close or 
lower than the SAURON spectral resolution (see Paper I for details 
on the extraction of kinematics). The anti-correlatio n between ha 
and V /a, which is indicative of disc kinematics (e.g. lBender et alj 
Il994l) , is most strongly visible in galaxies belonging to the RR kine- 
matic class. Galaxies with the NRR type of rotation from a, b and c 
kinematic groups, do not show such anti-correlation, although there 
is a hint that among the group c galaxies (KDC and CRC) there 
are cases (or regions) with certain V/a ~ hs anti-correlation. It is 
very interesting to see that galaxies with 2a peaks actually show the 
anti-correlation. In general, the trends are governed by the spread in 
V/a values: galaxies with the RR type of rotation have large val- 
ues of V/a, which is not the case for galaxies with the NRR type 
of rotation. This property is illustrated in Paper III. Note that in 
this respect 2a objects are different from other galaxies with com- 
plex kinematics (groups a, b and c): the range of V/a they cover is 
smaller than in RR galaxies, but it is bigger than for NRR galaxies. 

Bars are created from disk instabilities and it is expected 
that the kinematics of galaxies with bars and/or rings also show 
the ha— V/a anti-correlation. There are, however, significant dif- 
ferences between RR galaxies with and without resonances: the 
extent of V/a is somewhat smaller in galaxies with bars/rings, 
but there is also evidence for a correlation between /13 and V/a, 
which can be seen in the excess of points at negative/positive V/ a 
and negative/positive /13 values. The existence of these correlated 
points is related to the correlation betwe en the ha and V, typi- 
cal for barred galaxies and pe anut bulges dChung & Bureaull2004l ; 
[Bureau & Athanassouiall2005h 

Figure [Tol shows /i4 Gauss-Hermite moments of the LOSVD 
for galaxies separated in the same way as in the previous figure. 
Again there are some differences between galaxies with the RR and 
NRR type of rotation. In RR galaxies for large V/a, /14 values are 
typically smaller and positive, but the distribution is not symmetric. 
This is especially noticeable for galaxies with bars/rings, while the 
averages of the /14 distributions are, in general, slightly positive. 

The /13— V/a anti-correla tion is reproduced in cosmologi- 
cal simulation dNaab et al.ll2007l) . as well as in simulations of ma- 
jor mergers, where the amount of gas and relative mass ratios 
(e.g. 1:1, 2:1, 3:1) determine shapes of the ha — V/a and h^ — 
V/a distributions that, genera ll y, agree we l l with t he observations 
iGon zalez-Garcia et al. I I2OO6I ; iNaab et al.l I2OO6I) . iHoffman et all 
(2009) present the latest detailed predictions for the ha — V/a and 
h4 — V/a distributions for 1 to 1 disk mergers of varying gas frac- 
tions (from to 40 per cent). The major mergers simulations repro- 
duce some aspects of Figs.|9]and[T0] The V/a — ha anti-correlation 
in gas-rich mergers (starting from 15 per cent of gas) resemble the 
distribution of points for galaxies of the group e without bars and/or 
rings. Similarly, to some extent the quantitative shape of V/a — /14 
diagrams for large gas fractions also resembles the observations of 
galaxies of the group e without resonances. In both cases, however, 
the V/a range is smaller in the simulation than in the observations, 
with the simulations predicting overall a naiTower distribution for 
ha and tails of positive h4 values, which are not seen in the observa- 
tions. It seems that the merger remnants do not rotate fast enough to 
reproduce the population of the RR type galaxies, but rotate too fast 
to reproduce galaxies with the NRR type rotation, at least within 
one effective radius. In contrast, the products of the consecutive dry 
mergers of the remnants (of the initial 1:1 mergers with 20% and 
40% gas) better reproduce the observations, especially the fact that 
the V/a is small. 

One should also keep in mind that the similarities between 
gas-rich merger remnants and RR type of galaxies probably come 
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from the fact that these types of mergers produce orbital struc- 
tures (e.g. short axis tubes) qualitatively similar to those allowed 
in nearl y axisymmetric potentials of galax ies with the RR type ro- 
tations dJesseit et aD l2005l : iHoffman et al][20ld) . but it is not clear 
that they create the full spectrum of observed objects among the 
population of early-type gala xies, suggesting t hat other processes 
should also be addressed fe.g. lNaab et al.l2006h . 

In summary, the kinemetric analysis of the velocity maps 
shows that the vast majority of early-type galaxies have disk-like 
rotation. The distribution of kinematic misalignments suggests that 
the great majority of early-type galaxies are nearly axisymmetric 
or, if they are barred, are disk systems. Their kinematic properties 
are only partially reproduced by equal-mass mergers. These results 
suggest that the disk origins of early-type galaxies remain imprinted 
on the entire object. Among the multiple processes that can create 
early-type galaxies, we need to identify a division between those 
that create, on the one hand, triaxial and, on the other, (close to) 
axisymmetric, disk dominated, remnants. 

6.3 Caveats 

The measured kinematic misalignment angle suggests that most 
early-type galaxies are nearly axisymmetric systems. This con- 
clusion is based on the global (average) values for PAtin and 
PAphot not taking into account the local variations, and where 
scales for measuring the global values are limited by our instru- 
ments: SAURON FoV of about 1 Re and the SDSS imaging reach- 
ing about 3 Re. 

If one looks at objects individually, however, a number of 
galaxies show local departures from axisymmetry, such as photo- 
metric and kinematic twists (e.g. F^^^ and F^^^ in Fig [6]l. In 
addition, at least 30% of galaxies are barred (or have bar-induced 
phenomena) in our sample. These objects are related to disks, but 
they are not axisymmetric, where the departure from axisymmetry 
depends on the strength of the perturbation. Finally, the strong kine- 
matic misalignment in about 9% of galaxies argues for the triaxial 
shape of their figures. In all of these cases the internal orbital distri- 
bution is likely more complex than the one described by an exactly 
axially symmetric potential. 

Our kinematic measurements are confined to the central parts. 
It is possible that observing kinematics even further out one would 
start measuring larger misalignments as sugge sted by studies o f 
planetary nebulae around early-type galaxies (C occato et alJlOOSl) . 
although these and si milar studies also find galaxies which sta y (ap- 
proximately) aligned JCoccato et al.l2009l:|Proctor et al.l2009l) . It is, 
however, significant that we measure the kinematic and photometric 
position angles at different radii. To understand the full meaning of 
this result it is necessary to gather kinematic observations covering 
a few effective radii of a larger sample of galaxies. 



7 CONCLUSIONS 

We performed an analysis of the ground-based r-band images and 
the kinematic maps of 260 nearby early-type galaxies from the vol- 
ume limited ATLAS sample. We used the images to determine 
the frequency of bars, interaction features and dust structures as 
well as to measure the global photometric position angle (position 
angle of the major axis) and the apparent ellipticity of the galax- 
ies. 30% of nearby early-type galaxies have bars and/or resonant 
rings. About 8% of galaxies show interaction features and non fully 
settled figures at large radii at the surface brightness limit of the 



SDSS images. Barred galaxies do not show interaction features at 
that level of the surface brightness. We also determined local varia- 
tions of these parameters using isophote fitting incorporated in the 
kinemetry software. Typically the global position angle and elliptic- 
ity were measured encompassing the stellar distribution within 2.5 
- 3 effective radii. 

The kinematic maps are the result of SAURON observations 
and they consist of maps of the mean velocity, the velocity disper- 
sion, and the hs and /14 Gauss-Hermite moments. We used velocity 
maps to measured the global kinematic position angle (orientation 
of the velocity map). This angle was estimated using full maps, 
which typically cover one effective radius, except for the largest 
galaxies where they generally cover at least a half of the effective 
radius. 

We analysed the velocity maps applying kinemetry and used 
the information on the radial variation of the kinematic position 
angle, flattening of the maps, radial velocity profiles, and higher 
order harmonic terms to describe the structures on the maps and 
classify the galaxies according to their kinematic appearance. In 
doing so, we also looked for specific features on the velocity dis- 
persion maps. This resulted in a separation of galaxies according to 
their rotation types: Regular Rotators (RR) and Non-Regular Ro- 
tators (NRR). The main difference between these galaxies is that 
the former have velocity maps well described by the cosine law 
(V = Vr cos(6)), typical for velocity maps of inclined discs. The 
classification was done within 1 Re, 01 within the SAURON FoV if 
smaller. The ATLAS '^^ sample separates into 82% (214) RR galax- 
ies, 17% (44) NRR and 2 galaxies not classified due to low quality 
data. This separation is used in Paper III as a basis for a separation 
between fast and slow rotators. The kinematic difference between 
RR and NRR galaxies are also seen in the dependence of the higher 
order Gauss-Hermite moments (hs and /14) on V/a. 

Using kinemetry we characterised various kinemetric features 
visible on the mean velocity maps and the velocity dispersion 
maps, such as: No Feature (NF), Double Maxima (2M), Kine- 
matic Twists (KT), Kinematically Distinct Cores (KDC), Counter- 
Rotating Cores (CRC), Low-level Velocity (LV) and Double a (2a). 
In principle, all features could occur in galaxies with both RR and 
NRR type of rotation, but we find that RR galaxies are predomi- 
nantly either described as NF (171) or 2M (36), while NRR galax- 
ies are relatively equally distributed among NF (12), LV (7), KDC 
(11), CRC (7) and 2a (7). Note that there are 5 exceptions to this 
rule: 1 RR/CRC and 4 RR/2cr galaxies. 

In order to systematise the various kinemetric features we 
group galaxies in 5 kinematic groups that encapsulate the most sig- 
nificant features: a (NRR/LV galaxies), b (NRR/NF galaxies), c (all 
KDC and CRC galaxies), d (all 2a galaxies), and e (all RR galaxies, 
unless they have KDC, CRC or 2a features). The most numerous is 
group e (209 galaxies) and the least numerous is group a (7 galax- 
ies). We show that the galaxies in groups a, b, c, and d are typically 
found in dense regions. This result is in agreement with the mor- 
phology - density relation of Paper VII. 

Based on the global values for photometric and kinematic po- 
sition angles we derive the distribution of the apparent kinematic 
misalignment angle ($), which is directly related to the angle be- 
tween the apparent angular momentum and the projection of the 
short axis, and hence related to the angle between the intrinsic an- 
gular momentum and intrinsic short axis in a triaxial system. A gen- 
eral expectation is that a triaxial object will have a non zero apparent 
kinematic misalignment angle. 

Exploiting our IFS data we find that the large majority of the 
galaxies are nearly aligned (71 % of galaxies have "l/ ^ 5°, while 
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90% are consistent with being aligned taking uncertainties into ac- 
count). Most of the misaligned galaxies have NRR type of rota- 
tion, or have signatures of interactions at larger radii. A few are 
also barred. 

The small kinematic misalignment found in the great major- 
ity of early-type galaxies implies that they are axisymmetric, al- 
though individual objects show evidence for triaxial shapes, or bars. 
These systems have velocity maps more similar to the spiral galaxy 
disks than to the remnants of equal mass mergers. The latter appear 
to contribute to the formation of only a minor fraction of massive 
galaxies in the nearby Universe. Although our results are valid for 
the central baiyon dominated regions of nearby galaxies only, we 
conclude that the formation processes most often result in disk- 
like objects that maintain the (nearly) axisymmetric shape of the 
progenitors. Candidate processes for forming the large fraction of 
early-type galaxies therefore include minor mergers, gas accretion 
events, secular evolution and environmental influences. Much less 
frequently the formation process produces an object with a triax- 
ial figure. Most likely this involves major mergers with or with- 
out gaseous dissipation. The division of galaxies into RR and NRR 
types and the kinematic groups, can be used to infer the formation 
process experienced by a particular object. 
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APPENDIX A: KINEMETRIC ANALYSIS 

When using the kinemetric analysis one has to be aware of the 
instrumental and method related sources of systematic errors. An 
in-depth description of the method and its application on velocity 
maps of early-type galaxies are presented in lKrainovic et al.l ( l2006l . 
I2OO8I) . Here, we briefly review the main sources of systematic er- 
rors. The instrumental effects come from the spatial coverage, or 
the size of the field-of-view (PoV), and the spatial resolution. They 
particularly influence the recognition of the large and small scale 
kinematic structures. The SAURON pixel scale is 0.8"with a typi- 
cal seeing of 1.5"(full-width-half-maximum), and the nuclear struc- 
tures of comparable sizes are not likely to be detected. This, in par- 
ticular, affects KDC, CRC and 2M kinemetric features. For exam- 
ple, observations with OASIS, an IFS with higher spatial resolution, 
showed that the nuclear regions of NGC4150 a nd NGC4621 actu- 
ally contain small CRC iMcDermid et alj2006l) . 

On the other hand, for some galaxies the FoV of our obser- 
vations did not cover fully one effective radius. It is possible that 
a full coverage (up to 1 Re) of some galaxies would reveal, more 
generally, a different type of rotation, or, more specifically, a cer- 
tain kinemetric feature. For example, NGC3607 or NGC4278 are 
classified as RR galaxies, but having a full 1 Re coverage one may 
characterise them as NRR/KDC galaxies. 

The effects intrinsic to kinemetric analysis are related to the 
assumption that a velocity map is an odd moment of the LOSVD. 
In other words, that there is a detectable rotation and that there are 
receding and approaching parts of the map. In order to constrain 
the parameters of the best fitting ellipse {Tkin and q) it is necessary 
that the velocity map resembles to some extent the classical spi- 
der diagram. If there is no rotation, if the velocity map is noisy, in 
the sense that there is a large variation in velocity between adjacent 
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Figure Bl. The mean velocity (top) and the velocity dispersion maps (bot- 
tom) for NGC3414 (left) and NGC4191 (right). These galaxies have sim- 
ilar apparent shapes (0.23 and 0.27, respectively) and both have counter- 
rotating components on the velocity maps. Their velocity dispersion maps 
are very different and NGC3414 is classified as NRR/CRC while NGC4191 
as NRR/2CT galaxy. 



bins, and if the map is described by cylindrical rotation (parallel 
iso- velocities), Tkin, and/or q will not be determined robustly, either 
becoming fully degenerate or just poorly determined. A particular 
consequence of this is that disk galaxies seen face on (at an incli- 
nation of nearly 0°) could be misclassified as having the NRR type 
of rotation and, specially, as NRR/LV galaxies. Systems with stellar 
disks and significant amount of dust could be particularly suscepti- 
ble to this problem. They, however, are rare in our sample. Indeed, 
there is evidence that only three galaxies (NGC3073, NGC4733 and 
NGC6703) might be misclassified in this way. 

During characterisation of kinemetric features we strictly fol- 
lowed the prescription given in Sections 13.2.11 and 13.2.21 and we 
did not correct afterwards for the possible misclassifications men- 
tioned above. We estimate that the largest relative contamination 
is indeed in the case of LV features, simply because of their low 
number. If the three galaxies from above are removed from group 
a, there would only be 4 (1.5%) non-rotators, making these object 
even more rare in the local Universe. 



APPENDIX B: REMARKS ON THE DIFFERENCES 
BETWEEN 2M, KDC, 2cr AND CRC GALAXIES 

There are two pairs of kinemetric features which deserve more at- 
tention, especially in terms of differentiation between them. They 
are: 2M and KDC, and 2cr and CRC. The velocity maps with 2M 
feature could be considered consisting of a kinematically distinct 
component in the central region (core) and an outer component, 
suggesting they are actually a subclass of KDC that happen to be 
aligned and show RR type rotation. They are, however, significantly 
different from the true KDC features. Firstly, if they would be a 
sub-class of KDCs than it can be expected that there should be ap- 
proximately the same number of 2M and CRC galaxies (CRCs are 
also a subclass of KDC which is misaligned for 180° and hence a 
direct opposite to 2M). This is not true since there are 36 2M and 7 
CRC galaxies. In addition, more than half of 2M galaxies (20) oc- 
cur in galaxies with bars and/or rings phenomena, which is not the 
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case for KDC and CRC features. This indicates that the formation 
scenario is different for 2M and KDC galaxies. 

Unlike all other kinemetric features, 2a galaxies are recog- 
nised by looking at the velocity dispersion maps. The reason is 
that the velocity maps of galaxies with this feature have various 
appearances. The most common feature on the velocity maps are 
counter-rotating components (e.g. NGC448), but it is possible to 
have multiple sign reversals (e.g. NGC4528), or ordered RR rota- 
tion (e.g. NGC4473), or even no rotation in the central region (e.g. 
NGC4550). The two peaks on the velocity dispersion maps which 
are aligned and occur on the major axis of the galaxies, are, how- 
ever, always present. The velocity dispersion maps of, for example, 
galaxies with the CRC features show a central increase in a (see 
Fig IB II for a comparison), and, most likely CRC and 2a galaxies 
have different formation scenarios. 

There is compelling evidence that the 2a peaks are signatures 
of two counter-rotating disk-like structure. The most famous ex- 
ample of these galaxies is NGC4550 which was shown to consist of 
two equal in mass stellar disks with op posite angular momenta, both 
by studying the shape of the LOSVD iRubin et al ."l992':'R ix et al. 
1992) and by constructing dynamical models (Cappella ri et al, 
20070 . The latter study also showed that NGC4733, a 2a galaxy 
which does not show evidence of a counter-rotation on the velocity 
map also consists of two components with opposite angular mo- 
menta. A similar configuration would also be the simplest explana- 
tion for the consecutive changes in velocity sign in NGC4528, as 
well as explain why 2a galaxies have both RR and NRR types of 
rotation. 

Most of 2a galaxies are flattened systems seen at high view- 
ing angles, which introduces a bias since decreasing the inclination 
also dilutes the signature in the velocity dispersion maps (but see 



and their frequency of 4% is likely just a lower limit. In addition, 
we choose to identify objects with substantial mass in the counter- 
rotating disks, which is reflected in the increasing separation be- 
tween the two a peaks. There are a few galaxies which show some 
signatures of two peaks (e.g. NGC661, NGC4150, NGC7332), but 
they are not resolved well on SAURON velocity dispersion maps. 



APPENDIX C: THE MEAN VELOCITY MAPS OF 
ATLAS^° GALAXIES 

APPENDIX D: TABLE WITH MAIN PROPERTIES OF 
ATLAS^° GALAXIES USED IN THIS PAPER 
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Figure CI. Velocity maps of galaxies of the kinematic group e (Regular Rotators). Contours are isphotes of the surface brightness. Maps are Voronoi binned 
jCappellari & Copin 2003). All galaxies are oriented such that the global photometric axis (PAp^Q^) is horizontal and that the receding side is on the right. The 
numbers in lower right comers show the range of the plotted velocities in km/s. Ticks are separated by 10". Figures with maps oriented north up and east to 
the left are available on the proj ect website: http://purl.com/atlas3d 
© 201 1 RAS, MNRAS OOO.fUlSOl 
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Figure CI. — continued 
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. PfiDCi3ST34 





Figure CI. — continued. Galaxies with an "F" were not classified but are plotted here for completeness. 





''A 





Figure C2. Same as in Fig. lCll but for galaxies of the kinematic group a (non-rotating galaxies). 










Figure C3. Same as in Fig. lCll but for galaxies of the kinematic group h (featureless NRR galaxies). 
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Figure C4. Same as in Fig. lCll but for galaxies of tiie kinematic group c (KDC and CRC galaxies). Galaxies are oriented such that the receding side of the 
KDC is on the right. 




Figure C5. Same as in Fig. lCll but for galaxies of the kinematic group d (2(t peak galaxies). 




Figure C6. The velocity dispersion maps of galaxies of the kinematic group d (as as in Fig. lCSt . Note two aligned peaks in the velocity dispersion which are 
separated by at least half of the effective radius. Over-plotted circles show one and half the effective radii. The numbers in lower right comers show the range 
of the plotted velocity dispersions in km/s. 
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Table Dl. Propertied of ATLAS^° galaxies. 



Name 




e 




* 


fcs/fci 




Morph 


Dust 


KinStruct 


Grouf 




[deg] 




[deg] 


[deg] 




[km/s] 










(1) 


(2) 


(3) 


(4) 


(5) 


(6) 


(7) 


(8) 


(9) 


(10) 


(11) 


IC0560 


18.0 ±4.1 


0.56 ± 0.20 


17.0 ± 8.2 


1.0 


0.036 ± 0.024 


75.0 


N 


N 


RR/NF 


e 


IC0598 


4.5 ± 1.4 


0.67 ± 0.02 


6.5 ± 4.5 


2.0 


0.026 ± 0.017 


108.4 


N 


N 


RR/NF 


e 


IC0676 


5.9 ±77.2 


0.25 ± 0.09 


18.5 ± 12.2 


12.6 


0.034 ± 0.045 


82.3 


BR 


F 


RR/NF 


e 


IC0719 


51.9 ±0.1 


0.71 ±0.01 


46.0 ± 26.8 


5.9 


0.294 ±0.129 


26.9 


N 


D 


NRR/2S 


d 


IC0782 


58.1 ±2.8 


0.28 ± 0.06 


242.5 ± 9.2 


4.4 


0.028 ± 0.022 


73.7 


BR 


N 


RR/NF 


e 


IC1024 


26.9 ± 0.7 


0.64 ± 0.02 


29.5 ± 10.8 


2.6 


0.049 ± 0.036 


71.6 


I 


F 


RR/NF 


e 


IC3631 


89.1 ±0.7 


0.43 ± 0.04 


79.0 ± 89.8 


10.1 


0.155 ±0.151 


15.1 


N 


B 


RR/NF 


e 


NGC0448 


114.2 ±0.2 


0.57 ± 0.06 


119.0 ± 2.8 


4.8 


0.050 ± 0.020 


72.0 


N 


N 


RR/2s 


d 


NGC0474 


177.8 ±7.9 


0.12 ±0.06 


326.5 ± 7.5 


31.3 


0.063 ± 0.022 


70.9 


S 


N 


RR/KT 


e 


NGC0502 


50.2 ± 17.0 


0.10 ±0.03 


193.0 ± 13.8 


37.2 


0.062 ± 0.039 


38.0 


B 


N 


RR/NF 


e 


NGC0509 


82.7 ± 2.2 


0.64 ± 0.07 


130.5 ± 16.0 


47.8 


0.094 ± 0.064 


56.3 


B 


N 


RR/NF 


e 


NGC0516 


43.9 ± 0.6 


0.66 ± 0.09 


222.0 ± 16.0 


1.9 


0.051 ±0.046 


66.6 


N 


N 


RR/NF 


e 


NGC0524 


47.4 ± 25.5 


0.05 ± 0.03 


40.5 ± 2.0 


6.9 


0.021 ± 0.008 


133.0 


N 


N 


RR/NF 


e 


NGC0525 


7.9 ± 1.7 


0.47 ± 0.05 


14.0 ± 15.2 


6.1 


0.049 ± 0.031 


59.6 


N 


N 


RR/NF 


e 


NGC0661 


54.2 ± 3.5 


0.31 ±0.01 


236.0 ± 12.0 


1.8 


0.186 ±0.063 


41.3 


N 


N 


NRR/CRC 


c 


NGC0680 


156.8 ±5.2 


0.22 ± 0.01 


359.5 ± 3.8 


22.7 


0.028 ± 0.010 


111.6 


S 


N 


RR/NF 


e 


NGC0770 


12.5 ± 1.4 


0.29 ± 0.01 


194.5 ± 11.8 


2.0 


0.124 ±0.042 


41.9 


N 


N 


NRR/NF 


b 


NGC0821 


31.2 ± 13.6 


0.35 ±0.10 


32.5 ± 3.5 


1.3 


0.017 ± 0.008 


83.7 


N 


N 


RR/NF 


e 


NGC0936 


130.7 ± 1.3 


0.22 ± 0.01 


318.0 ±0.5 


7.3 


0.038 ± 0.006 


203.6 


B 


N 


RR/2m 


e 


NGC1023 


83.3 ±2.8 


0.63 ± 0.03 


88.5 ± 2.2 


5.2 


0.018 ± 0.006 


119.8 


B 


N 


RR/NF 


e 


NGC1121 


10.1 ±0.3 


0.51 ± 0.04 


9.0 ± 3.8 


1.1 


0.015 ± 0.009 


157.7 


N 


N 


RR/NF 


e 


NGC1222 


150.3 ± 12.0 


0.28 ± 0.08 


43.0 ± 9.2 


72.7 


0.239 ±0.153 


34.1 


I 


F 


NRR/NF 


b 


NGC1248 


99.9 ± 0.8 


0.15 ± 0.01 


275.5 ± 9.5 


4.4 


0.034 ± 0.027 


69.5 


B 


N 


RR/NF 


e 


NGC1266 


109.6 ± 1.9 


0.25 ± 0.04 


294.5 ± 7.0 


4.9 


0.026 ± 0.022 


92.4 


N 


F 


RR/NF 


e 


NGC1289 


96.6 ± 3.2 


0.41 ± 0.02 


92.0 ± 10.0 


4.6 


0.176 ±0.056 


42.0 


N 


N 


NRR/CRC 


c 


NGC1665 


47.3 ± 16.9 


0.41 ± 0.21 


48.0 ± 8.5 


0.7 


0.042 ± 0.025 


112.1 


R 


N 


RR/NF 


e 


NGC2481 


20.2 ± 16.1 


0.46 ±0.17 


19.5 ± 2.0 


0.7 


0.016 ± 0.007 


152.5 


N 


N 


RR/NF 


e 


NGC2549 


179.5 ± 1.0 


0.69 ± 0.03 


2.0 ± 1.8 


2.5 


0.029 ± 0.006 


134.5 


BR 


N 


RR/2m 


e 


NGC2577 


105.9 ± 3.8 


0.41 ± 0.12 


104.0 ± 2.0 


1.9 


0.010 ± 0.005 


198.5 


N 


N 


RR/NF 


e 


NGC2592 


49.4 ± 4.8 


0.21 ± 0.01 


58.5 ±3.2 


9.1 


0.014 ± 0.008 


148.0 


N 


N 


RR/NF 


e 


NGC2594 


30.2 ± 7.3 


0.32 ± 0.05 


34.0 ± 4.5 


3.8 


0.020 ± 0.009 


119.7 


N 


N 


RR/NF 


e 


NGC2679 


151.0 ±7.8 


0.07 ± 0.06 


307.5 ± 17.5 


23.5 


0.061 ± 0.047 


53.4 


BR 


N 


RR/NF 


e 


NGC2685 


39.0 ± 2.5 


0.40 ± 0.05 


36.5 ± 2.5 


2.5 


0.018 ± 0.010 


109.4 


N 


F 


RR/NF 


e 


NGC2695 


172.5 ± 1.6 


0.28 ± 0.01 


173.5 ± 2.2 


1.0 


0.016 ± 0.006 


168.3 


N 


N 


RR/2m 


e 


NGC2698 


97.1 ± 7.7 


0.54 ± 0.25 


95.5 ± 2.0 


1.6 


0.014 ± 0.007 


169.3 


N 


N 


RR/NF 


e 


NGC2699 


46.8 ± 4.7 


0.14 ±0.03 


230.0 ± 4.8 


3.2 


0.027 ± 0.013 


87.3 


N 


N 


RR/2m 


e 


NGC2764 


19.2 ±3.2 


0.49 ±0.11 


196.0 ± 6.8 


3.2 


0.025 ± 0.021 


103.8 


I 


FB 


RR/NF 


e 


NGC2768 


91.6 ±2.1 


0.57 ± 0.06 


92.5 ± 3.5 


0.9 


0.034 ±0.011 


122.9 


N 


N 


RR/NF 


e 


NGC2778 


44.3 ± 6.2 


0.20 ± 0.02 


45.5 ± 4.8 


1.2 


0.038 ± 0.012 


117.2 


N 


N 


RR/NF 


e 


NGC2824 


158.9 ± 7.7 


0.24 ±0.10 


159.5 ± 2.8 


0.6 


0.029 ± 0.013 


109.2 


R 


D 


RR/NF 


e 


NGC2852 


154.3 ± 2.4 


0.14 ±0.01 


156.0 ± 4.8 


1.7 


0.015 ± 0.013 


107.0 


N 


N 


RR/NF 


e 


NGC2859 


87.2 ± 37.4 


0.15 ±0.01 


264.0 ± 3.0 


3.2 


0.016 ± 0.006 


113.4 


BR 


N 


RR/2m 


e 


NGC2880 


142.5 ± 1.7 


0.36 ± 0.01 


143.0 ± 3.2 


0.5 


0.023 ± 0.010 


136.8 


B 


N 


RR/NF 


e 


NGC2950 


118.1 ± 3.5 


0.41 ± 0.03 


114.0 ± 3.2 


4.1 


0.013 ± 0.007 


133.1 


BR 


N 


RR/2m 


e 


NGC2962 


6.1 ±3.4 


0.45 ± 0.04 


8.0 ± 5.5 


1.9 


0.041 ± 0.016 


117.7 


BR 


N 


RR/NF 


e 


NGC2974 


44.2 ± 5.5 


0.37 ± 0.03 


43.0 ± 1.0 


1.2 


0.007 ± 0.003 


231.1 


N 


N 


RR/NF 


e 


NGC3032 


92.3 ± 21.6 


0.17 ± 0.10 


271.5 ± 11.0 


0.8 


0.038 ± 0.027 


56.5 


N 


DB 


RR/NF 


e 


NGC3073 


145.0 ± 30.4 


0.12 ±0.01 


215.0 ±89.8 


70.0 


0.405 ± 0.307 


6.4 


N 


B 


NRR/LV 


a 


NGC3098 


88.5 ± 0.4 


0.77 ± 0.04 


269.0 ± 3.0 


0.5 


0.021 ± 0.010 


122.1 


N 


N 


RR/NF 


e 


NGC3156 


50.1 ± 1.0 


0.50 ± 0.01 


48.5 ±5.5 


1.6 


0.028 ± 0.023 


78.3 


N 


F 


RR/NF 


e 
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Table Dl (cont'd) 



Name 




e 








7 TTltl X 


Morph 


Dust 


KinStruct 


Grouf 




[deg] 




[deg] 


[deg] 




[km/s] 










(1) 


(2) 


(3) 


(4) 


(5) 


(6) 


(7) 


(8) 


(9) 


(10) 


(11) 






70 ± 07 

V/.Z.VJ 1 VJ.VJZ. 


370 5 ± 7 


3.7 


054 ± 074 

Vj.lJjT^ 1 VJ.VJZ. 


70.5 


N 


BR 


RR/NF 






^ q _l_ 1 q 


n OQ + 07 


181 + 45 

lOl.U ZIZ t.J 


4 


n 047 + 0014 


60 6 


N 


N 


RR/NF 






34.9 dz 12.1 


1 7 + 05 


44.0 ± 6.2 


Q 1 
y. 1 


050 + 070 


71 1 
/ 1 .J 


J 


N 


RR/NF 






] 1 7 O _|_ A ^ 


61 +0 0^ 


78Q 5 + ^7 


J.J 


078 + OOQ 


221.3 


BR 


N 


RR/NF 




1 "1 V.J V. ^ 


176 1 + 6 


46 + 03 


174 5 + ^ 

± /^.^ 1 ^»\J 


1.6 


015 + 006 

VJ.VJi..J 1 V/.V/VJVJ 


181.3 


N 


N 


RR/NF 


g 






n 40 _|_ A A 1 

U.T-U ZIZ U.Ui 


] 77 + Q n 

iz,Zi.u ZIZ y .\j 


1.4 


04^ + 071 


87 4 




N 


RR/2m 




1> V J V ^ ' JVy J. 


52.7 ± 0.5 


69 + 01 


779 + 40 


3.7 


078 + 0017 

VJ.VJZ.O 1 VJ.VJIZ. 


1 18.0 


R 


N 


RR/2m 




1 1 V.J V... ^ ' - ' / / 


46.3 ± 8.2 


33 + 12 


224 + 40 


2.3 


013 + 008 

V/ . VJ ± ^ 1 V. VJVJ 


93.7 


N 


N 


RR/NF 


g 




68 7 + 7 3 


13 + 001 


751 0+57 

Z»^1..VJ 1 J.Z. 


2.8 


077 + 010 


62.7 


N 


N 


RR/NF 






53.0 ±1.9 


50 + 03 


778 0+ 3 7 


5.0 


018 + 006 


1 14.9 




N 


RR/2m 




1. 'I V J V^ ^ w v/ 


91.4 ± 2.5 


44 + 01 

VJ . 1 VJ . VJ i. 


77.0 ± 8.8 


14.4 


026 + 027 

VJ.VJ^VJ 1 VJ.VJi. / 


97.2 


BR 


N 


RR/NF 


g 


NGr^4l? 

1> V J V... ^ ' ^ I z. 


1 54 + 3 


44 + 01 

VJ . I I 1 Vj . Vj J. 


1 57 5 ± 5 8 

1 »J / . J _1_ J .O 


3.5 


026 + 0016 

Vj.vJZ.VJ 1 VJ.VJIVJ 


93.8 


B 


N 


RR/NF 




1 'I V.J V. ^ ' 1 


19.4 ± 2.2 


77 + 06 

U.Z.Z. 1 VJ.VJVJ 


197.5 ± 7.5 


1.9 


1 59 + 051 

\j.uy _i_ vj.vj^i 


47.5 


J 


N 


NRR/rRr 






162 5 + 10 4 


01 +0 01 

VJ.VJ± 1 VJ.VJ± 


S^4 ± 38 2 


8.5 


1 57 + 1 24 

VJ . 1 ^ / 1 V. ± 


13.1 


N 


N 


RR/NF 


g 




7.1 ± 0.9 


79 + 07 

vJ.Z.;? 1 vJ.vJZ. 


1 85 5 ± 3 5 


1.6 


018 + 0010 

vJ.vJlO 1 VJ.VJIVJ 


132.5 


B 


N 


RR/NF 






70 S + 1 ^ 


A 4^ _|_ A A4 
U.T^J ZIZ \J.\J'-r 


72.5 ± 2.8 


7 n 


07? + 010 

U.UZiZ, ZIZ U.UiU 


101 


B 


DBR 


RR/NF 




1 "1 V.J v^».j-T^ y 


11.6 ± 2.2 


13 + 016 

\J . ± ^ 1 VJ.±VJ 


50 ± 12 

.JVJ.VJ 1 i.X..VJ 


38.4 


054 + 046 

VJ . VJ J 1 VJ . VJT^ VJ 


46.6 


I 


p 


RR/NF 


g 


NGr^57? 

1 > VJ J ^ z. z, 


113 3 + 05 


48 + 03 


1 1 3 5 ± 89 8 

iU.J _l_ 0".0 


0.2 


229 + 1 70 

VJ.Z.Z.7 1 VJ. i. / VJ 


19.2 


N 


N 








96.1 ± 0.4 


53 + 04 


98.5 ± 4.8 


2.4 


029 + 0018 

\j.\jz.y _i_ vj.vjio 


107.2 


N 


N 


RR/NF 




1 'I V J V . ^ ' ^ / 


177.6 ± 1.7 


46 + 02 

VJ.^VJ 1 VJ.VJZ 


0.5 ± 1.5 


2.9 


041 + 018 

VJ.VJT^l 1 VJ.VJltJ 


93.4 


B 


N 


RR/NF 


g 




53 5 + 17 9 


08 + 01 

vJ.vJO 1 Vj.VJl 


^^.^ 1 1 / .Z. 


2.0 


087 + 054 


47.4 


B 


N 


RR/NF 






19 A ±0.1 


40 + 1 3 


198 ± 1 1 

Lyo.yj —1— 11. u 


1.4 


036 + 079 


57.4 




N 


RR/NF 




L 1 V J V . ^ / 


1 24 8 + 7 6 

±i-^.0 1 / .VJ 


1 3 + 08 

VJ.±^ 1 VJ.VJO 


301 5 ± 2 8 


3.3 


028 + 013 

VJ . VJ^VJ 1 V. VJ 1 .J 


113.3 


N 


D 


RR/NF 


g 


1> vJ J (J 


87 ± 73 7 

OZ..VJ 1 Z.^ . / 


70 + 04 


765 5 ± 35 7 

Z,UJ.J —1— J-J.Z, 


3.5 


1 90 + 1 02 
\j.iy\j _i_ VJ. ivjz. 


20.0 


N 


N 


NRR/GRr 




NGG^fil 

i > V J V ■ \ J L \J 


134.1 ± 14.9 


1 9 + 04 


1 34 5 ± 5 


0.4 


020 + 004 

U.UZ.VJ _l_ vJ.vJU'T 


166.5 




N 


RR/NF 




1 'I V J V . .. ' \ ) i J 


97.5 ± 1.1 


46 + 04 

VJ.T^VJ 1 VJ.VJT^ 


98 5 ± 3 8 


1.0 


- 1 000 + - 1 000 

1 .VJVVJ 1 L .VJVJVJ 


105.4 


N 


N 


RR/NF 


g 


i> V J v.. . ' \ ) 1 7 


48 6 ± 17 4 


09 + 08 


57 5 ± 3 


3.9 


058 + 022 

\J.\JU<J 1 VJ.VJZ.Z 


72.9 


s 


FBR 


RR/NF 






161.7 ± 3.2 


A _|_ A A^ 
\J.JJ ZIZ W.WJ 


JJ^.J ZIZ J.Z- 


2.2 


021 + 01 1 
Kj.KjjLj zn u.ui 1 


145.2 




J) 


RR/2m 




1 > V 1 V . »^ VJ J V7 


36.9 ± 0.2 


A /;(^ _|_ A A-^ 


717 + 9 R 

Z. J. / .VJ 1 Z..O 


0.1 


02 1 +0 007 

V./.V./Z.1 1 VJ.VJvJ / 


143.8 


N 


N 


RR/NF 




1 > V J V . ^ \j'~r\j 


88 5 ± 6 7 


1 5 + 07 

U.J-J 1 Vj.VjZ. 


771 5 ± 3 


3.0 


019 + 009 

yj.yjLy _i_ v/.vju7 


1 14.2 


J 


N 


RR/NF 




L \ V.J V. J Ut- J. 


■Sfi 8 + 18 7 


All +001 


(SO 5 + Q 


12.7 


OfSfS + 0'^4 

VJ.UUU ZIZ \J.\JJ'-r 


81 1 

OJ. 1 


N 


N 


RR/NF 




i> VJ J Ut^O 


72.3 ±0.1 


44 + 03 


754 5 ± 3 


2.2 


018 + 008 

U.UlO —1— v/.vJUO 


173.7 


N 


N 


RR/NF 




i> V J V . . H J. ' O 


30 7 ± 3 6 


16 + 001 

Vj . 1 *J 1 V./ . V./ 1 


710 5 ± 4 8 


0.3 


024 + 0014 

VJ.VJZ.T^ 1 VJ.VJlT^ 


102.6 


B 


N 


RR/NF 






30.9 ± 2.0 


77 + 01 


705 5 ± 7 


5.4 


019 + 008 

\j.\ji.y _i_ v/.vjvjo 


149.2 


N 


J3 


RR/NF 




1. 'I V J V ^ \J / ^ 


30.9 ± 0.2 


64 + 02 

V/ . VJ^ 1 V7 . V7^ 


31.5 ± 2.5 


0.6 


034 + 0010 

VJ . VJ^^ 1 VJ. VJ J. VJ 


147.4 


N 


N 


RR/2m 


g 


1 > V J V ^ \j y~T 


117.7 ± 1.6 


1 8 + 04 


1 09 ± 9 7 

L\}y .\j 1 y . z. 


8.7 


052 + 049 

u.vjjz. _i_ yj.yj^y 


45.3 


N 


B 


RR/NF 




NGr^VSV 


I'll 7 + 60 


A 1 ^ _|_ A 07 
U.iJ ZIZ ^/.^yZi 


1 (^0 S + 1 S 8 

i ZIZ u . 


y.j 


_ 1 000 + - 1 000 

J..UUL/ ZIZ L .\J\J\J 


28.1 


BR 


N 


RR/NF 




NGC^VQfi 

1 V.J V. ^ ' / y VJ 


124.4 ± 0.3 


40 + 1 

VJ.^V 1 VJ.VJ± 


125 5 ± 14 2 


1.1 


212 + 136 

VJ . ^ ± ^ 1 VJ. ± VJ 


23.1 


B 


N 


NRR/2s 


d 


i> VJV-. J O J o 


139.1 ± 1.0 


56 + 04 


1 38 5 ± 3 5 

UO. J —1— J . J 


0.6 


020 + 009 


124.0 


N 


N 


RR/NF 






1 1.7 ±1.4 


75 + 04 


1 5 ± 3 5 

J ' .Vj 1 »^ . »7 


3.3 


017 + 007 

vJ.vJ i. / 1 VJ.VJvJ / 


120.3 


BR 


N 


RR/NF 




NGr^94'i 

1 'I V J \^».j 


158 1 ± 1 1 7 


35 + 17 

V/ . ^ .J 1 VJ . ± / 


158 5 ± 2 

L^iJ.^ 1 Z..VJ 


0.4 


015 + 007 

VJ.VJi..^ 1 VJ.VJVJ / 


193.5 


BR 


FBR 


RR/2m 


Q 




1 36 3 ± 4 6 
uu.j _i_ '-T.yj 


77 + 06 


1 34 5 ± 2 


1.8 


012 + 006 

VJ.VJIZ, _l_ vJ.vJVJVJ 


186.7 


N 


N 


RR/NF 






1 77 _|_ n 9 
i / /. J zt U.Z 


U. / J zt u.uz 


i.j zt j.yj 




A AO/I -1- n r\r\f. 
U.UZ'4 zt U.UUO 


1 10 


IN 


IN 


KK/zni 


e 


NGC4036 


81.2 ±0.9 


0.60 ± 0.03 


261.0 ± 1.0 


0.2 


0.011 ±0.004 


241.2 


N 


F 


RR/NF 


e 


NGC4078 


18.3 ±0.8 


0.56 ± 0.09 


192.0 ± 1.5 


6.3 


0.022 ± 0.008 


132.2 


N 


N 


RR/NF 


e 


NGC4111 


150.3 ± 0.3 


0.79 ± 0.02 


149.5 ± 2.2 


0.8 


0.031 ±0.004 


150.3 


N 


N 


RR/2m 


e 


NGC4119 


111.3 ± 0.5 


0.65 ± 0.01 


291.5 ± 6.5 


0.2 


0.020 ± 0.020 


93.8 


N 


D 


RR/NF 


e 


NGC4143 


144.2 ± 1.1 


0.40 ± 0.04 


320.5 ± 2.2 


3.7 


0.024 ± 0.007 


221.7 


B 


N 


RR/2m 


e 


NGC4150 


146.3 ± 1.1 


0.33 ± 0.01 


147.5 ± 6.5 


1.2 


0.043 ± 0.024 


72.3 


N 


N 


RR/NF 


e 


NGC4168 


125.4 ±2.0 


0.17 ± 0.05 


320.0 ± 89.8 


14.6 


0.343 ±0.170 


13.3 


N 


N 


NRR/KDC 


c 



©2011 RAS, MNRAS OOO.mi30l 



Morphologies, features and alignment of early-type galaxies 27 

Table Dl (cont'd) 



Name 




e 










Morph 


Dust 


KinStruct 


Grouf 




[deg] 




[deg] 


[deg] 




[km/s] 










(1) 


(2) 


(3) 


(4) 


(5) 


(6) 


(7) 


(8) 


(9) 


(10) 


(11) 


NGr41 7Q 


1 42 8 + 3 


71 ± 02 


143.5 ± 2.2 


0.7 


025 ± 006 


157.9 


N 


N 


RR/NF 




NGr41Q1 


3.6 ± 2.9 


26 ± 04 


1 82 5 ± 4 8 


1.1 


424 ± 1 44 


20.3 


N 


N 


NRR/2'i 






13.2 zb 2.2 


nil _|_ n no 


1 94 S + S 8 

ly^ — ) zn j.o 


1.3 


A A^A _|_ A nij. 


67.2 


N 


N 


RR/NF 




NGr4? 1 'S 


174.8 ±0.1 




172 + 5 5 

I 1 ^.\J 1 J.J 


2.8 


01 9 ± 01 3 


101.5 


BR 


N 


RR/2m 




NGr42S^ 


17'S 8 + 4 


55 ± 01 


174.5 ± 1.2 


1.3 


029 ± 008 


200.9 


N 


p 


RR/NF 


g 




91 8 + 88 
7 i .o zn o.o 


n (Ts ± n ni 

u.uj zn u.ui 


94 + 2^ f) 


2.2 


n 099 ± 069 
\j.\jyy zn U.UU7 


9 


N 


N 


RR/NF 




IN VJv- tz, J J. 


99 + n 9 


n 48 + n 


jL / 1 .J ZIZ J .u 




022 ± 008 


134.3 


g 


N 


RR/2m 




NGr4?'S'S 


111.5 ± 0.2 


49 + 06 


111.0 ± 3.2 


0.5 


1 9 ± 009 


157.7 


B 


N 


RR/NF 




NGr4?'SQ 


142.7 zh 0.5 


58 + 03 


146 ± 6 2 


3.3 


289 ± 1 76 


39.7 


N 


N 


NRR/2s 


d 


1 'I V.J V. ^ 1 


1 63 3 + 1 9 


1 (S + 03 


57.0 ± 2.5 


73,7 


087 ± 029 


88.6 


N 


N 


NRR/NF 






1 5(S (S + 1 6 

UU.U —1— l.U 


12 + 001 


329 ± 3 5 

o z.y .\j _i_ J.J 


7.6 


025 ± 008 


86.7 


BR 


N 


RR/2m 




NGr4?(S4 


119 8 + 55 


19 + 001 


1 1 8 ± 5 5 

1 1 0. V/ —1— J . J 


1.8 


050 ±0012 


105.9 


BR 


N 


RR/NF 




NGr4?67 


126 5 + 5 6 


08 + 01 


304 5 ± 6 5 

JUt^.J —1— U.J 


2.0 


043 ±0015 


88.7 


B 


N 


RR/2m 




NGr4268 


47,3 + 1.3 


55 + 04 


25 ± 16 8 


22.3 


063 ± 032 


121.5 


R 


N 


RR/NF 


Q 




1 09 8 + 1 5 


55 + 04 

U.J J 1 V_/.V_/T^ 


282 5 ± 7 

Z.UZ..J 1 /.V/ 


7.3 


041 ±0016 


70.9 




N 


RR/NF 




NGr4?78 

1 '( V.J V. / O 


39.5 zb 2.8 


09 + 1 


10.0 ± 4.2 


29.5 


035 ±0016 


74.2 


N 


N 


RR/NF 




L 'I V.J V^^i*0 J- 


87.6 zb 1.0 


51 + 04 


85 ± 1 5 

(JJ.V/ 1 i- . J 


2.6 


010 ± 004 


217.8 


N 




RR/NF 


g 




1 53 1 + 14 7 


04 + 01 


151 5 ± 16 5 

iJl.J _1_ lU.J 


1.6 


055 ± 038 

v7 . v7 J J 1 V/ . V/ J O 


27.8 


N 


N 


RR/NF 






54.2 ±1.0 


U.JU ZIZ KJ.KJJ 


z,jo.u in j.z- 


^ 8 


A A47 + n n 1 R 


1 1 1.6 




DBR 


RR/2m 


e 




15.7 ± 8.2 


07 + 01 


17 0+ 10 S 


1.3 


044 ± 030 

\J . \J^^ 1 U. U J Vj 


63.0 


N 


N 


RR/NF 


g 


NGr4^4fl 


104.9 ± 9.9 


n 42 + 08 


1 10 ± 5 

1 iV/.V/ —1— J.v/ 


5.1 


022 ±0016 


103.7 


BR 


N 


RR/NF 




NGr4^4? 


1 63 (S ± 1 5 


58 + 09 


1 67 ± 1 8 


3.4 


01 ± 005 


168.2 


N 


N 


RR/NF 




NGr4S46 


98 8 ± 2 


64 + 02 


280 ± 3 5 

i-UV/.V/ 1 J.J 


1.2 


020 ±0010 

\J ^VJ^XJ 1 U. U J. V7 


130.0 


N 


N 


RR/NF 


g 




28.4 ± 0.5 


60 + 1 2 


29.5 ± 2.2 


1.1 


014 ± 006 


174.2 


N 


N 


RR/NF 






40.9 ±2.1 




14'S ± 6 5 

I'-rJ.VJ _1_ U.J 


75.9 


347 ± 067 

U. JT^ / 1 V/.V/VJ / 


60.9 


N 


N 


NRR/Knr 




NGr4S7 1 


91.5 ± 4.1 


48 + 10 


270 5 + 30 


1.0 


022 ± 009 


124.4 


BR 


N 


RR/NF 


g 


NGr4^74 


128 8 ± 9 3 


05 + 01 


3« 1 5 -1- on 5 


42.7 


566 ± 1 82 


10.4 


N 


N 


NRR/T V 




NGr4^77 


4.0 ± 2.2 


1 8 + 02 


0.5 ± 5.0 


3.5 


037 ±0016 


97.9 




N 


RR/NF 




NGr4S7Q 


104.9 ±1.7 


1 6 + 00 


283 5 ± 7 8 


1.4 


039 ± 022 


72.0 


N 


N 


RR/NF 


g 




12.3 ± 11.0 


25 + 07 


19.5 ± 4.8 


7.2 


025 ± 009 


61.8 




N 


RR/KT 




NGr4^87 


143,4 ±2.1 


37 + 03 


331 ± 1 


7.6 


029 ± 022 


57.1 


N 


N 


RR/NF 




NGr440fi 


118.1 ± 3.7 


31 + 06 


199 5 ± 12 

177. J 1 i.Z..U 


81.4 


097 ± 024 


67.3 


N 


N 


NRR/Knr 




NGr4417 

1 "1 V.J V- I I 1 / 


48 6 ± 5 


65 + 09 
u.uj —1— yj.yjy 


228 ± 4 2 


0.6 


020 ±0010 


121.8 


N 


N 


RR/2m 

AvAV/ Z.111 




NGr44?'S 


25.8 ± 0.4 


67 + 04 


210 ± 8 2 


4.2 


044 ± 029 


72.0 


B 


N 


RR/NF 




NGr4429 


93.3 ± 1.6 


52 + 04 


86 5 ± 2 5 

OvJ-J 1 J 


6.8 


021 ± 006 


139.6 


BR 




RR/2m 


g 


NGr44^4 

1> V J V 1 1 .J'-T 


34.7 ±7.1 


06 + 01 


207 ± 1 1 5 


7.7 


060 ± 040 


44.6 


N 


N 


RR/NF 




NGr44S'S 


10 ± 2 


32 + 05 


192.5 ± 1.8 


2.5 


020 ± 006 


162.3 


N 




RR/2m 




NGr4442 

1 'I V.J V. 1 1 1 


85 6 ± 2 


60 + 00 


90 5 ± 3 


4.9 


1 8 ± 007 

v_/.v_/i.O 1 \j .\j\J 1 


99.7 


B 


N 


RR/NF 




NGr44'S2 

1 'I V.J V. 1 1 


33.6 ±1.7 


73 + 04 


30 5 ± 3 

JU.J —1— J.v 


3.1 


- 1 000 ± - 1 000 


80.1 


N 


N 


RR/NF 




NGr44'S8 


4.9 ± 3.5 


08 + 02 


25.0 ± 29.2 


20.1 


374 ±0172 

v_/. J / 1 V/. i- / Z. 


39.4 


N 


N 


NRR/Knr 

1 y Av rv/ 1 X ly v.. 




NGr44'i9 

1 "1 V.J V^' 1 1 J ^ 


1 05 3 ± 1 9 


21 + 03 


280 5 ± 2 5 


4.8 


010 ± 007 


110.2 


N 




RR/2m 


g 


NGr44(S1 

1 'I V J V ' 1 ' 1 (J J. 


8.1 dz 0.4 


61 +0 01 


11.5 it 3.2 


3.4 


023 ±0 010 


136.3 


BR 


N 


RR/NF 




IN / Z 


1 1 -\- A 

vo^■. 1 zt ^.0 




loy.u It J.J 




A 1 Q7 _|_ A (17 '^ 
U. IV / zt U.U / J 


Jo. 7 


IN 


IN 




c 


NGC4473 


92.2 ± 1.2 


0.43 ± 0.03 


92.0 ± 3.8 


0.2 


0.062 ± 0.010 


68.2 


N 


N 


NRR/2S 


d 


NGC4474 


79.4 ± 2.2 


0.42 ±0.16 


79.0 ± 6.8 


0.4 


0.061 ± 0.027 


74.4 


N 


N 


RR/NF 


e 


NGC4476 


26.7 ± 2.6 


0.28 ± 0.03 


206.5 ±11.5 


0.2 


0.102 ±0.065 


43.9 


N 


D 


RR/NF 


e 


NGC4477 


70.8 ± 8.9 


0.14 ±0.01 


252.5 ± 5.2 


1.7 


0.023 ±0.011 


77.1 


BR 


N 


RR/NF 


e 


NGC4478 


141.9 ± 8.7 


0.17 ± 0.01 


156.5 ± 6.5 


14.6 


0.039 ± 0.015 


54.3 


N 


N 


RR/NF 


e 


NGC4483 


62.5 ± 1.3 


0.51 ± 0.04 


231.5 ± 8.5 


11.0 


0.032 ± 0.025 


87.5 


BR 


N 


RR/NF 


e 


NGC4486 


151.3 ±3.5 


0.16 ±0.06 


197.5 ±57.8 


46.2 


0.484 ±0.197 


5.9 


N 


N 


NRR/LV 


a 
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Table Dl (cont'd) 



Name 




e 








7 TnCLX 


Morph 


Dust 


KinStruct 


Grouf 




[deg] 




[deg] 


[deg] 




[km/s] 










(1) 


(2) 


(3) 


(4) 


(5) 


(6) 


(7) 


(8) 


(9) 


(10) 


(11) 




4 + n 5 


n 1 ± n ni 


6 ± 8 S 
u.u zn O.J 


6 
u.u 


0^1 ± n 020 

U.UJi ZIZ u.uz,u 


7S 8 

/ J.O 


N 


N 


RR/NF 




NGr448Q 


1 ^'S (S + 1 1 


09 ± 00 


1 56 5 ± 30 5 


0.9 


063 ±0121 

V/.V/VJJ 1 V'.lZ.l 


36.1 


N 


N 


RR/GRr 






1 7A -3 4- 7 1 
1 zn z,. i 


n 1 4 _|_ A AO 


1 A _|_ A 
iOJ.iJ ZiZ U.V7 


8 7 
0. / 


054 ± 024 
u.ujT- zn u.uz,t 


68 1 
uo. 1 


N 


N 


RR/7m 
rv ix/ z,iii 






8.7 ±1.4 


n 54 ± 02 


1 83 ± 4 5 


5.7 


021 ±0011 

V/.V/Z.1 1 v_/.v_/l 1 


140.3 


BR 


N 


RR/NF 




L 'I V.J V^^^ ± 


1 66 3 + 2 


73 ± 01 


349 ± 2 8 


2.7 


013 ± 006 


195.7 


N 


N 


RR/NF 




Mnr457fi 


113.7 ± 1.2 


A 7/:; _|_ A A^ 


288 S ± 1 8 

Z,OO.J ZIZ i.O 


2 


A A74 _|_ A AAa 
U.Uz,'+ ZiZ U.UUJ 


205 

Z,UJ.U 


N 




RR/2m 




NGr4^78 


5.8 ± 0.8 


41 ± 02 


5.0 ± 1 1.0 


0.8 


1 025 ± 250 


18.1 


B 


N 


NRR/2s 


(] 


NGr4'i46 


77.8 ± 1.9 


52 ± 04 


77.5 ± 1.5 


0.3 


010 ± 004 


197.0 


N 


N 


RR/NF 


g 




178.9 ± 0.4 


68 ± 01 

U.UO —1— L/.L/l 


358 5 ± 2 5 


0.4 


396 ±0 217 


13.2 


N 


N 


NRR/2s 


(J 




70.5 ± 1.0 


25 ± 02 


247 ± 1 


3.5 


034 ± 023 


47.2 


N 


N 


RR/NF 






1 32 fl + 1 2 


oil ±001 

vJ. 1 1 1 v/.v/l 


1 19.5 ± 5.2 


12.5 


081 ± 035 


30.5 


N 


N 


NRR/NF 




NGr45(S4 


48 5 + 3 


53 ± 04 


49.0 ± 2.8 


0.5 


01 3 ± 007 

V/.V/1»^ 1 \j .\J\J 1 


142.8 


N 


N 


RR/NF 








73 ± 03 


1 58 5 ± 2 2 


0.8 


011 ±0 004 


162.4 


N 


N 


RR/NF 






32.9 ±1.4 


29 ± 01 


21 2 ± 4 

Z.lZ..Vy 1 T^.vy 


0.9 


n 024 ±0012 


125.8 


N 


N 


RR/NF 






1 19 8 ± 13 8 


25 ± 02 




5.2 


027 ± 014 


89.2 




N 


RR/2m 






1 1 1.5 ± 44.9 


07 ± 20 


287 5 ± 8 8 

Z.O / . J —1— . 


4.0 


050 ± 025 


43.8 


BR 


N 


RR/NF 






145.9 ± 6.4 


32 ± 04 


328 ± 8 5 


2.1 


037 ± 025 


78.9 


BR 


N 


RR/2m 






162 5 ± 3 6 


32 ± 1 1 

vJ. JZ. 1 v_/. 1 1 


344,5 ± 2.2 


2.0 


020 ± 005 


1 15.6 


N 


N 


RR/NF 








A /:.7 _|_ A AJ. 


1 7^ ± 8 ^ 

i / J.U ZIZ O.J 


U.J 


A A4A _|_ A A77 


77 


N 


N 


RR/NF 




NGr4624 


112.7 ± 9.7 


06 ± 06 


293 ± 5 


0.3 


045 ± 015 


99.9 


B 


N 


RR/NF 


g 


NGr4fi^fi 


144.2 ± 1.2 


23 ± 06 


267 ± 89 8 


57.2 


302 ± 224 


9.8 


N 


N 


NRR/T V 






121.2 ± 2.7 


39 ± 04 


124.5 ± 1.5 


3.3 


01 5 ± 006 


154.6 


N 


N 


RR/NF 




NGr464^ 


57 1 ± 39 


12 ± 15 

V/ . 1 ^ 1 V/ . 1 .J 


48.0 ± 4.2 


9.1 


030 ± 009 


90.1 


BR 


N 


RR/2m 


g 


NGr4fi4Q 


91.3 ± 3.6 


1 6 ± 01 


271 5 ± 3 8 

Z. / 1 . .J 1 Jl . 


0.2 


033 ±0 012 


94.1 


N 


N 


RR/NF 






96.9 ± 2.8 


30 ± 1 2 


277.5 ± 1.8 


0.6 


011 ±0 004 

V/.V/l 1 1 V/.V/V/T^ 


147.9 


N 


N 


RR/2m 

IvlV/ Z.111 




NGr4684 


22 ± 7 


63 ± 00 


204 5 ± 5 


2.5 


027 ±0017 

V/. V/^ / 1 \J t\J L 1 


78.5 


N 


N 


RR/NF 


g 




151.7 ± 2.9 


29 ± 03 


331 ± 25 8 


0.7 


1 1 6 ± 068 

V/. 1 1 V/ 1 V/.V/VIO 


26.8 


N 


N 


NRR/NF 




NGr4fiQ4 


1 42 5 ± 5 




324 5 ± 19 2 


2.0 


099 ± 088 
yj.yjyy _i_ v/.v/oo 


27.1 


N 


FB 


RR/NF 




NGr46Q7 


67.2 ± 3.9 


32 ± 04 


247 5 ± 2 


0.3 


014 ± 006 

V/.V/l ^ 1 vJ . VJVy VJ 


111.4 


N 


N 


RR/NF 


g 




27.4 ± 0.2 


75 ± 03 


207 5 ± 3 8 


0.1 


028 ±0015 

V/.V/Z,0 —1— VJ.VJl-J 


98.6 


N 




RR/NF 




NGr47'^^ 


114.1 ± 4.7 


A A/:: _|_ A AA 


J J / .J ZiZ 07. 


4^ 4 


A QO7 _|_ A 707 
U.JOZi ZiZ \J.Z.OI 


6 ^ 

U.J 


B 


N 


NRR/T V 




NGr47'S^ 


85.4 ± 5.2 


A _|_ A AQ 


00. »^ —1— Z,.»J 


3.1 


022 ± 008 

VJ.VJZ.Z 1 vJ.vJV/O 


148.7 


I 


p 


RR/2m 




NGr47'i4 


21.2 ± 0.3 


48 ± 01 

yj.'-rO —1— V.Vl 


206 ± 3 


4.8 


01 8 ± 008 

vj.vjlO 1 vJ.vJV/O 


173.8 


B 


N 


RR/NF 




NGr47(i2 


29.6 ± 3.2 


83 ± 10 


30 ± 1 5 


0.4 


048 ±0011 

vj.vjT^O 1 vJ.vJl 1 


136.7 


N 


N 


RR/NF 






9.1 ± 1.7 


37 ± 01 


3.5 ± 22.2 


5.6 


1 1 8 ± 098 

VJ. 1 1 1 \J .\J y \j 


35.5 


N 


N 


RR/2s 






1 40 6 ± 4 5 


35 ± 09 


JIO.J —1— 


2.1 


045 ±0019 

V/.V/T^J —1— U.U17 


103.3 


N 


N 


RR/NF 




i.y V J V ' J. / J 


1 nn Q _|_ 1 A 


A 1 Q _|_ A A( 
V7. J- J ZiZ 


770 ^ J_ 1^ 
Z, / 7.»^ ZIZ lU.O 


n 8 

u.o 


A A47 _|_ A A^7 
U.UH-Z- ZiZ \J.\JJ 1 


^4 5 
jt. J 


N 


B 


RR/NF 






14.7 ± 3.7 


1 7 + 02 

V/. 1 / 1 \J *\J ^ 




31.8 


270 + 077 


25.9 


N 


N 


NRR/NF 

1 'I Aviv/ 1 'I 1 


b 


NGr'S27^ 


8.9 ± 1.0 


1 6 ± 02 


1 90 5 ± 7 

\.y\j.j 1 / .\j 


1.6 


035 ± 024 

VJ.VJJ»./ 1 vJ.vJZT^ 


65.0 


N 


N 


RR/NF 






59 5 ± 5 


80 ± 04 


237 5 ± 2 2 

Z.J / .J 1 Z..Z. 


2.0 


01 2 ± 005 

VJ.VJIZ 1 vJ.vJV/.J 


188.1 


N 


N 


RR/2m 

Ivlv/ z.111 




NGr'SS22 


91.8 ± 1.1 


36 ± 03 


273 ± 7 2 


1.2 


488 ± 172 

VJ.^VJO 1 V^. 1 / z* 


73.3 


N 


N 


NRR/GRr 

J. 1 Ivlv/ v^lvv^ 




1 'I V J V ' j'-rz. 


1 53 4 ± 6 


54 ± 05 


332 5 ± 2 5 


0.9 


031 ±0 014 

VJ.VJ J 1 1 vJ.vJlT^ 


146.1 


N 


N 


RR/NF 




iNOU. J J J O 


i'4-U.'4- zt '4.7 


U.'^-o zt U.U'4- 


QOO A _|_ 1 A 

jZZ.U zt i .U 


1 

1 .0 


A Al O _|_ A Afl^ 
U.UiZ zt U.UUj 




T) 
D 


Li 


KK/iNr 


e 


NGC5355 


27.1 ± 11.7 


0.32 ± 0.01 


29.0 ± 14.0 


1.9 


0.056 ± 0.040 


49.5 


I 


N 


RR/NF 


e 


NGC5358 


139.5 ± 0.3 


0.62 ± 0.01 


318.0 ± 8.2 


1.5 


0.037 ± 0.022 


85.2 


N 


N 


RR/NF 


e 


NGC5379 


58.3 ± 2.2 


0.66 ± 0.01 


61.0 ± 10.0 


2.7 


0.029 ± 0.027 


119.0 


R 


FBR 


RR/NF 


e 


NGC5422 


152.3 ± 0.0 


0.79 ± 0.03 


334.0 ± 3.8 


1.7 


0.024 ± 0.009 


160.9 


N 


D 


RR/NF 


e 


NGC5473 


154.2 ± 0.9 


0.21 ± 0.01 


157.5 ± 3.2 


3.3 


0.037 ± 0.010 


170.9 


BR 


N 


RR/NF 


e 


NGC5475 


166.2 ± 1.9 


0.70 ± 0.03 


345.0 ± 2.5 


1.2 


0.021 ± 0.011 


129.1 


N 


N 


RR/NF 


e 


NGC5481 


110.0 ±2.4 


0.27 ± 0.07 


241.0 ± 19.0 


49.0 


0.229 ±0.136 


48.9 


N 


N 


NRR/KDC 


c 
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Table Dl (cont'd) 



Name ^P^phot e PAfei,, * fcs/fci fc™"^ Morph Dust KinStruct Group 

[deg] [deg] [deg] [km/s] 

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) 



NGC5485 


0.9 ± 3, 


,6 


0, 


.26 


± 





.04 


259.0 ± 6, 


.8 


78.1 


NGC5493 


123.0 ±31, 


,1 


0, 


.20 


± 





.14 


121.0 ± 1, 


.0 


2.0 


NGC5500 


128.4 ±4, 


,2 


0, 


.20 


± 


0, 


.04 


129.0 ± 35, 


.2 


0.6 


NGC5507 


60.3 ± 0, 


,5 


0, 


.47 


± 


0, 


.02 


60.5 ± 3, 


.5 


0.2 


NGC5557 


82.6 ± 3, 


,8 


0, 


.16 


± 


0, 


.04 


336.0 ± 4, 


.5 


73.4 


NGC5574 


62.7 ± 15, 


,0 


0, 


.48 


± 


0, 


.04 


247.5 ±11, 


.8 


4.8 


NGC5576 


89.6 ± 2, 


,6 


0, 


.31 


± 


0, 


.02 


277.0 ± 16, 


.5 


7.4 


NGC5582 


28.8 ± 1, 


,7 


0, 


.35 


± 


0, 


.05 


29.5 ± 2, 


.8 


0.7 


NGC5611 


64.6 ± 2, 


,0 


0, 


.55 


± 


0, 


.09 


244.0 ± 3, 


.0 


0.6 


NGC5631 


137.7 ± 64, 


,8 


0, 


.07 


± 


0, 


.02 


119.0± 8 


.8 


18.7 


NGC5638 


153.2 ±8, 


,1 


0, 


.10 


± 


0, 


.04 


140.0 ± 6, 


.8 


13.2 


NGC5687 


102.0 ± 0, 


,9 


0, 


.37 


± 


0, 


.05 


284.0 ± 3, 


.8 


2.0 


NGC5770 


34.8 ± 36, 


,6 


0, 


.06 


± 


0, 


.09 


42.0 ± 14, 


.2 


7.2 


NGC5813 


133.2 ±2, 


,0 


0, 


.27 


± 


0, 


.03 


152.5 ± 8, 


.0 


19.3 


NGC5831 


131.1 ±4, 


,8 


0, 


.10 


± 


0, 


.02 


110.5 ± 22, 


.5 


20.6 


NGC5838 


40.1 ± 1, 


,2 


0, 


.62 


± 


0, 


.06 


39.5 ± 1, 


.5 


0.6 


NGC5839 


101.2 ± 14, 


,3 


0, 


.12 


± 


0, 


.04 


278.0 ± 6, 


.0 


3.2 


NGC5845 


138.3 ± 13, 


,1 


0, 


.31 


± 


0, 


.09 


321.0 ±3, 


.5 


2.7 


NGC5846 


53.3 ± 1, 


,9 


0, 


.08 


± 


0, 


.03 


312.5 ± 34, 


.5 


79.2 


NGC5854 


54.8 ± 0, 


,1 


0, 


.68 


± 


0, 


.01 


51.5 ± 3, 


.8 


3.3 


NGC5864 


65.6 ± 0, 


,5 


0, 


.68 


± 


0, 


.02 


75.0 ±5, 


.2 


9.4 


NGC5866 


125.0 ± 1, 


,1 


0, 


.58 


± 


0, 


.08 


126.5 ± 1, 


.2 


1.5 


NGC5869 


115.8 ±4, 


,2 


0, 


.32 


± 


0, 


.07 


113.5 ±4, 


.5 


2.3 


NGC6010 


102.9 ± 0, 


,1 


0, 


.75 


± 


0, 


.05 


104.5 ± 3, 


.5 


1.6 


NGC6014 


156.6 ±91, 


,9 





.12 


± 





.02 


147.0 ± 8, 


.5 


9.6 


NGC6017 


137.5 ± 54, 


,5 


0, 


.11 


± 


0, 


.08 


132.5 ± 6, 


.5 


3.2 


NGC6149 


18.0 ± 1, 


,0 


0, 


.32 


± 


0, 


.01 


201.0 ±4, 


.2 


3.0 


NGC6278 


125.8 ± 1, 


,3 


0, 


.45 


± 


0, 


.05 


305.5 ± 4, 


.8 


0.3 


NGC6547 


131.4 ± 1, 


,6 


0, 


.67 


± 


0, 


.02 


131.5 ± 1, 


.5 


0.1 


NGC6548 


67.8 ± 53, 


,9 


0, 


.11 


± 


0, 


.18 


66.5 ± 3, 


.2 


1.3 


NGC6703 


69.0 ±21, 


,6 


0, 


.03 


± 


0, 


.01 


181.5 ± 88, 


.2 


67.5 


NGC6798 


141.2 ±2, 


,9 


0, 


.47 


± 


0, 


.03 


139.0 ±6, 


.8 


2.2 


NGC7280 


74.2 ± 0, 


,3 


0, 


.36 


± 


0, 


.01 


260.0 ± 5, 


.5 


5.8 


NGC7332 


155.2 ±0, 


,9 


0, 


.74 


± 


0, 


.04 


152.5 ±4, 


.0 


2.7 


NGC7454 


145.8 ± 1, 


,2 


0, 


.26 


± 


0, 


.06 


324.5 ± 40, 


.0 


1.3 


NGC7457 


124.8 ± 0, 


,7 





.47 


± 





.00 


304.0 ± 6, 


.8 


0.8 


NGC7465 


155.0 ± 1, 


,1 





.33 


± 





.02 


166.5 ± 29, 


.0 


11.5 


NGC7693 


154.0 ± 3, 


,5 





.24 


± 





.02 


338.0 ± 13, 


.0 


4.0 


NGC7710 


133.7 ±0, 


,1 


0, 


.59 


± 


0, 


.02 


134.0 ±41, 


.5 


0.3 


PGCO 16060 


156.7 ± 0, 


,9 


0, 


.72 


± 


0, 


.04 


159.0 ±2, 


.0 


2.3 


PGC028887 


32.2 ± 1, 


,0 


0, 


.33 


± 


0, 


.02 


212.0 ±9, 


.5 


0.2 


PGC029321 


47.8 ± 6, 


,2 


0, 


.12 


± 





.01 


56.5 ± 37, 


.0 


8.7 


PGC035754 


78.9 ± 3, 


,2 





.33 


± 





.02 


86.0 ± 11, 


.0 


7.1 


PGC042549 


64.7 ± 0, 


,9 


0, 


.39 


± 


0, 


.01 


241.0 ±6, 


.0 


3.7 


PGC044433 


14.4 ± 0, 


,4 


0, 


.64 


± 


0, 


.03 


195.5 ±4, 


.2 


1.1 


PGC050395 


10.5 ± 0, 


,9 


0, 


.27 


± 


0, 


.03 


185.5 ±40, 


.5 


5.0 


PGC051753 


33.6 ± 0, 


,2 


0, 


.51 


± 


0, 


.03 


215.5 ± 8, 


.8 


1.9 


PGC054452 


105.4 ± 9, 


,6 


0, 


.16 


± 


0, 


.03 


278.5 ± 16, 


.5 


6.9 


PGC056772 


9.9 ± 1, 


,7 


0, 


.45 


± 


0, 


.02 


191.0 ±5, 


.5 


1.1 


PGC058114t 


80.7 ± 19, 


,0 


0, 


.20 


± 


0, 


.09 


247.0 ± 10, 


.0 


13.7 



0.084 ± 0.020 


63.7 


N 


D 


NRR/NF 


b 


0.010 ± 0.003 


217.8 


I 


N 


RR/NF 


e 


0.161 ± 0.088 


24.9 


N 


N 


NRR/NF 


b 


0.027 ± 0.009 


164.1 


N 


N 


RR/2m 


e 


0.206 ±0.102 


20.5 


S 


N 


NRR/NF 


b 


0.043 ± 0.030 


50.0 


I 


N 


RR/NF 


e 


0.133 ± 0.045 


30.3 


N 


N 


NRR/NF 


b 


0.012 ± 0.009 


135.5 


R 


N 


RR/NF 


e 


0.009 ± 0.008 


139.2 


N 


N 


RR/NF 


e 


0.323 ±0.165 


58.9 


N 


D 


NRR/KDC 


c 


0.055 ± 0.025 


82.3 


N 


N 


RR/NF 


e 


0.029 ±0.011 


125.1 


N 


N 


RR/NF 


e 


0.071 ± 0.056 


47.6 


BR 


N 


RR/NF 


e 


0.225 ± 0.071 


91.6 


N 


N 


NRR/KDC 


c 


0.299 ±0.144 


30.1 


N 


N 


NRR/KDC 


c 


0.012 ± 0.004 


212.9 


B 


N 


RR/NF 


e 


0.026 ± 0.016 


93.9 


BR 


N 


RR/NF 


e 


0.023 ± 0.005 


126.8 


N 


N 


RR/2m 


e 


0.269 ±0.122 


10.9 


N 


N 


NRR/LV 


a 


0.026 ± 0.015 


122.9 


BR 


N 


RR/NF 


e 


0.037 ± 0.016 


133.6 


B 


N 


RR/NF 


e 


-1.000 ±-1.000 


157.4 


N 


D 


RR/NF 


e 


0.023 ± 0.012 


105.8 


S 


N 


RR/NF 


e 


0.032 ±0.011 


136.9 


N 


N 


RR/NF 


e 


0.033 ± 0.028 


89.9 


N 


DBR 


RR/NF 


e 


0.047 ± 0.016 


89.1 


N 


D 


RR/NF 


e 


0.018 ± 0.014 


85.0 


N 


N 


RR/NF 


e 


0.024 ± 0.010 


189.8 


N 


N 


RR/NF 


e 


0.024 ± 0.008 


159.7 


N 


N 


RR/NF 


e 


-1.000 ±-1.000 


213.9 


B 


N 


RR/NF 


e 


0.511 ± 0.232 


9.2 


N 


N 


NRR/LV 


a 


0.044 ± 0.018 


112.5 


N 


N 


RR/2m 


e 


0.027 ± 0.016 


97.8 


B 


N 


RR/2m 


e 


0.033 ± 0.012 


93.2 


N 


N 


RR/NF 


e 


0.204 ±0.126 


25.1 


N 


N 


NRR/NF 


b 


0.040 ±0.031 


72.8 


N 


N 


RR/NF 


e 


0.125 ± 0.044 


62.8 


I 


F 


NRR/KDC 


c 


0.052 ± 0.040 


62.6 


B 


N 


RR/NF 


e 


0.055 ± 0.062 


50.8 


N 


N 


RR/2s 


d 


0.016 ±0.015 


128.4 


N 


N 


RR/NF 


e 


0.279 ±0.121 


75.3 


N 


N 


NRR/KDC 


c 


0.059 ± 0.039 


39.8 


N 


F 


RR/NF 


e 


0.055 ± 0.041 


54.5 


N 


N 


RR/NF 


e 


0.035 ± 0.019 


117.1 


B 


N 


RR/NF 


e 


0.022 ± 0.022 


62.6 


N 


N 


RR/NF 


e 


0.195 ±0.151 


16.5 


N 


N 


NRR/CRC 


c 


0.026 ± 0.022 


86.7 


N 


N 


RR/NF 


e 


0.044 ± 0.033 


46.1 


R 


N 


RR/NF 


e 


0.037 ± 0.025 


69.5 


N 


D 


RR/2s 


d 


-1.000 ±-1.000 


44.1 


U 


U 


U 


f 



©2011 RAS, MNRAS OQO.mtgOl 



30 Davor Krajnovic et al. 



Table Dl (cont'd) 



Name 




e 






fcs/fci 




Morph 


Dust 


KinStruct 


Group 




[deg] 




[deg] 


[deg] 




[km/s] 










(1) 


(2) 


(3) 


(4) 


(5) 


(6) 


(7) 


(8) 


(9) 


(10) 


(11) 


PGC061468 


102.5 ± 8.7 


0.28 ± 0.06 


105.0 ± 11.5 


2.5 


0.044 ± 0.035 


59.4 


N 


N 


RR/NF 


e 


PGC071531t 


83.2 ± 4.0 


0.29 ± 0.06 


264.5 ±21.8 


1.3 


0.038 ± 0.038 


49.9 


U 


U 


RR/NF 


e 


PGC170172 


18.5 ±4.2 


0.09 ± 0.00 


18.0 ±89.8 


0.5 


-1.000 ±-1.000 


39.7 


B 


N 


U 


f 


TIGrfl396fl 


44.1 ±1.6 


28 ± 02 


227 5 ± 89 8 


3.4 


350 ± 259 


21.6 


N 


N 


NRR/NF 


b 


UGC04551 


113.2 ±0.3 


0.61 ±0.01 


113.5 ±5.5 


0.3 


0.031 ± 0.014 


78.3 


R 


N 


RR/NF 


e 


UGC05408 


153.0 ±5.4 


0.12 ±0.01 


150.0 ± 17.0 


3.0 


0.056 ± 0.080 


42.1 


B 


FB 


RR/NF 


e 


UGC06062 


23.6 ±3.9 


0.45 ± 0.05 


32.5 ± 5.5 


8.9 


0.042 ± 0.015 


114.8 


B 


N 


RR/NF 


e 


UGC06176 


24.1 ±0.3 


0.49 ± 0.02 


200.5 ± 6.5 


3.6 


0.021 ± 0.017 


116.1 


BR 


FBR 


RR/NF 


e 


UGC08876 


24.0 ± 0.2 


0.63 ± 0.04 


204.5 ± 7.2 


0.5 


0.030 ± 0.023 


60.9 


R 


N 


RR/NF 


e 


UGC09519 


76.4 ± 2.9 


0.25 ± 0.08 


249.5 ± 4.2 


6.9 


0.025 ± 0.016 


90.4 


N 


F 


RR/NF 


e 



Note. — Column (1): The Name is the principal designation from LEDA, which is used as standard designation. 
Column (2): Global photometric position angle and the uncertainty in degrees, measured East of North and within 2.5 - 3 half-light radii. 
Column (3): Global ellipticity and uncertainty, measured within 2.5 - 3 half-light radii. 

Column (4): Global kinematic position angle and the uncertainty in degrees, measured East of North at the receding part of the velocity map. 
Column (5): Kinematic misalignment angle in degrees. In the text, the uncertainty values for the global kinematic angle are assigned to the 
kinematic misalignment angle. 

Column (6): Luminosity weighted average ratio of the harmonic terms obtained by kinemetry. 
Column (7): Maximal rotational velocity reached within the SAURON field-of-view. 

Column (8): Morphological properties of galaxies: B - bar, R - ring, BR - bar and ring, S - shells, I - other interaction feature, U - unknown. 
Column (9): Dust features: D - dusty disk, F - dusty filament, B - blue nucleus, BR - blue ring. Combinations of these are possible. 
Column (10): Kinematic structure: See Table|2]for detailed explanation of all classes. 

Column (1 1): Kinematic Group: a - LV galaxies, b - NRR galaxies, c - KDC and CRC galaxies, d-2a peak galaxies, e - all other RR galaxies, 
/- unclassified galaxies. 

Values of -1.0 in Cols. (5) and (6) are given to galaxies for which kinemetry analysis was not successful. The two galaxies with f did not have 
SDSS or INT data and we used 2MASS K-band images to determine the VAphot and e. This table is also available from our project website 
[http://purl.com/atlas3d| 
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